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ABSTRACT
The d e v e lo p m e n t  o f  a g ro u p  q u a l i t a t i v e  a n a l y s i s  
scheme has been  i n v e s t i g a t e d .  T h is  i s  a  n o v e l  form o f  
a n a l y s i s  i n  w h ich  i o n s  a r e  d e t e c t e d  a s  a g ro up  r a t h e r  t h a n  
i n d i v i d u a l l y .  T h is  t y p e  o f  a n a l y t i c  t e c h n i q u e  p e r m i t s  a 
r a p i d  s u r v e y  o f  an unknown, s i n c e  a l l  t e s t s  a r e  c o n d u c te d  
w i t h o u t  t h e  n e c e s s i t y  o f  p r i o r  s e p a r a t i o n s .
S i n c e  a  r a p i d ,  s e n s i t i v e  and s e l e c t i v e  method was 
d e s i r e d ,  t h e  t e c h n i q u e  o f  s p o t  t e s t  a n a l y s i s  was u t i l i z e d .  
T h i r t y - s e v e n  a n a l y t i c a l  r e a g e n t s  were  s c r e e n e d  as  p o ­
t e n t i a l  g ro u p  r e a g e n t s .  S i x  were  s e l e c t e d  f o r  t h e  
f i n a l i z e d  p r o c e d u r e :  b e n z i d i n e ,  s t a n n o u s  c h l o r i d e ,  p h e n y l  
f l u o r o n e ,  m o r in ,  g l y o x a l  b i s ( 2 - h y d r o x y a n i l )  and sodium 
t e t r a p h e n y l b o r o n .  M ask ing ,  pH a d j u s t m e n t  and s e l e c t i o n  o f  
p r o p e r  r e a c t i o n  m ed ia  were  employed t o  en h an c e  s e l e c t i v i t y  
and s e n s i t i v i t y  o f  t h e  r e a g e n t s .  The f i n a l  p r o c e d u r e  
p r o v i d e s  f o r  t h e  d e t e c t i o n  o f  f o r t y - s i x  i o n i c  s p e c i e s .
A s p e c i f i c  and  s e n s i t i v e  t e s t  f o r  t h e  d e t e c t i o n  o f  
cadmium i o n  b a s e d  on t h e  u s e  o f  g l y o x a l  b i s ( 2 - h y d r o x y a n i l )  
has  a l s o  been  p r o p o s e d .  The r e a c t i o n  was c a r r i e d  o u t  on 
beads  o f  an  a n io n  ex change  r e s i n  on w h ic h  t h e  cadmium had 
been  c o n c e n t r a t e d  a s  t h e  t e t r a i o d o  complex .  Masking 
t e c h n i q u e s  were  u t i l i z e d  t o  make t h e  t e s t  s p e c i f i c .  The 
l i m i t  o f  i d e n t i f i c a t i o n  i s  0 . 0 5  jag cadmium i o n .
v
I .  INTRODUCTION TO THE HISTORY OF QUALITATIVE ANALYSIS
AND SPOT TEST METHODS
The em ergence  o f  q u a l i t a t i v e  a n a l y s i s  as a s c i e n c e  was 
b ro u g h t  ab o u t  by t h e  works o f  many c h e m i s t s .  I n t e r e s t i n g l y  
enough many o f  t h e s e  p e o p l e  were n o t  i n t e r e s t e d  i n  a n a l y s i s  
p e r  s e ,  b u t  r a t h e r  d i s c o v e r e d  a n a l y t i c a l  r e a c t i o n s  i n  t h e  
c o u r s e  o f  t h e i r  work o r  d e v e lo p e d  a n a l y t i c a l  p r o c e d u r e s  as 
a n e c e s s a r y  p o r t i o n  o f  t h e i r  work .  The b a s e s  f o r  t h e  
p r e s e n t  sy s te m  o f  q u a l i t a t i v e  a n a l y s i s  can be found i n  t h e  
d i s c o v e r y  o f  t h e  i n d i v i d u a l  r e a g e n t s  and t h e  r e a c t i o n s  
n e c e s s a r y  t o  t h e  deve lo pm en t  o f  any scheme o f  a n a l y s i s .
The c o m p re h en s iv e  a n a l y s e s  c a r r i e d  o u t  on w a t e r s ,  t h e  
s t u d y  o f  o r e s  and m i n e r a l s  by t h e  m i n e r a l o g i s t s  o f  t h e  
e i g h t e e n t h  c e n t u r y ,  and many o t h e r  p r a c t i c a l  a p p l i c a t i o n s  
o f  a n a l y s i s  g r e a t l y  h a s t e n e d  t h i s  e v o l u t i o n  and s u b s e ­
q u e n t l y  b ro u g h t  a b o u t  t h e  deve lo pm en t  o f  a s y s t e m a t i c  
scheme o f  q u a l i t a t i v e  a n a l y s i s .
I t  i s  n o t  i n c o n c e i v a b l e  t h a t  t h e  i d e a  p r e v a i l i n g  
t o d a y  t h a t  a n a l y t i c a l  c h e m i s t r y  i s  n o t  a t r u e  s c i e n t i f i c  
d i s c i p l i n e  and has  o n ly  a s e r v i c e  f u n c t i o n  had i t s  b e ­
g i n n i n g  d u r i n g  t h e s e  t i m e s .  T h is  p r e m is e  i s  b a se d  upon a 
knowledge  o f  t h e  u t i l i t a r i a n  deve lopm en t  o f  a n a l y s i s  by 
m e t a l l u r i g i s t s , m i n e r a l o g i s t s ,  p h a r m a c i s t s  and p h y s i c i a n s .  
I n  f a c t ,  Thomson (7 4 )  i n  1836 l a m e n te d  t h a t  ’’t h e  d e p a r tm e n t  
o f  a n a l y t i c a l  c h e m i s t r y ,  and even  m i n e r a l o g i c a l  i n v e s t i g a ­
t i o n s  i n  g e n e r a l ,  have  been  s n e e r e d  a t  by s e v e r a l  c h e m is t s
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In  t h i s  c o u n t r y ,  as a b r a n c h  o f  c h e m i s t r y  below t h e  n o t i c e  
o f  men o f  t r u e  s c i e n c e . "
The h i s t o r y  o f  t h e  d i s c o v e r y  and d ev e lo p m en t  o f  t h e  
r e a g e n t s  u s e d  as  g ro u p  p r e c i p i t a n t s , c o n d i t i o n i n g  a g e n t s  
and c o n f i r m a t o r y  t e s t s  i n  q u a l i t a t i v e  a n a l y s i s  i s  s c a t t e r e d  
t h r o u g h o u t  t h e  c h e m ic a l  l i t e r a t u r e .  In  f a c t ,  o n ly  r e c e n t l y  
has  t h e r e  a p p e a re d  a book on t h e  h i s t o r y  o f  a n a l y t i c a l  
c h e m i s t r y  c o m p i l i n g  much o f  t h i s  i n f o r m a t i o n  ( 7 3 ) .  T h is  
book i s  t h e  f i r s t  a t t e m p t  t o  r e c o r d  i n  h i s t o r i c a l  d e v e l o p ­
ment o f  a n a l y t i c a l  c h e m i s t r y  i n  a s y s t e m a t i c  way.
The m a j o r i t y  o f  t h e  r e a c t i o n s  u s e f u l  i n  q u a l i t a t i v e  
a n a l y s i s ,  w i t h  t h e  e x c e p t i o n  o f  t h o s e  u t i l i z i n g  s y n t h e t i c  
o r g a n i c  r e a g e n t s ,  was d i s c o v e r e d  b e f o r e  1700. I t  was 
d u r i n g  t h i s  p e r i o d  o f  i a t r o c h e m i s t r y  t h a t  m i n e r a l  a c i d s  
were  u se d  t o  d i s s o l v e  m e t a l s  and i t  became p o s s i b l e  t o  
work w i t h  t h e s e  s o l u t i o n s .  However, t h e  p r o c e s s  o f  d i s s o ­
l u t i o n  was s u r r o u n d e d  w i t h  s u p e r s t i t i o n  and m y s t e r y ,  as i f  
i n  some manner t h e  d i s s o l v e d  s u b s t a n c e  had d i s a p p e a r e d .
T h is  c o n c e p t  was r e s p o n s i b l e  f o r  k e e p i n g  a l i v e  t h e  o l d  
a l c h e m i c a l  i d e a s  on t h e  t r a n s f o r m a t i o n  o f  s u b s t a n c e s .
Only van Helmont s t a t e d  d e f i n i t e l y  t h a t  t h e  d i s s o l v e d  s u b ­
s t a n c e  does  n o t  d i s a p p e a r .  His work was q u i t e  q u a n t i t a t i v e  
i n  n a t u r e  s i n c e  he made e x t e n s i v e  u s e  o f  t h e  b a l a n c e .  He 
r e a l i z e d  t h a t  m e t a l s  d i s s o l v e d  i n  a c i d s  can be r e c o v e r e d  
a g a i n  by a p p r o p r i a t e  means.  Thus i t  i s  a t  t h i s  t im e  i n  t h e  
d ev e lo pm en t  o f  a n a l y s i s  t h a t  we s e e  t h e  p la c e m e n t  o f  s o l u ­
t i o n  c h e m i s t r y  i n  i t s  p r e s e n t  e m inen t  p o s i t i o n  ( 5 8 ) .
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I t  s h o u l d  be n o t e d  t h a t  a t  t h i s  p e r i o d  i n  t h e  d e ­
v e lo p m e n t  o f  c h e m i s t r y  as a s c i e n c e  (1 5 0 0 -1 7 0 0 )  t h a t  t h e  
i m p o r t a n t  m i n e r a l  a c i d s  were  g e n e r a l l y  known. For  ex am p le ,  
van  Helmont was w e l l  a c q u a i n t e d  w i t h  s u l f u r i c  a c i d ;  he 
a l s o  d e s c r i b e d  t h e  p r e p a r a t i o n  o f  n i t r i c  a c i d  and h y d r o ­
c h l o r i c  a c i d .  He a l s o  m e n t io n s  aqua  r e g i a .
The word " a n a l y s i s "  was i n t r o d u c e d  by R o b e r t  Boyle i n  
t h e  s e n s e  t h a t  we know i t  t o d a y ,  i . e . ,  f o r  t h o s e  c h e m ic a l  
r e a c t i o n s  by w h ich  i n d i v i d u a l  s u b s t a n c e s  c o u ld  be r e c o g ­
n i z e d  i n  t h e  p r e s e n c e  o f  one a n o t h e r .  Boyle was t h e  f i r s t  
t o  u s e  t h e  most  common o f  a l l  r e a c t i o n s ,  i . e . ,  t h e  
t e s t i n g  f o r  a c i d i t y  and a l k a l i n i t y  w i t h  p a p e r  im p re g n a te d  
w i t h  l i t m u s  and t h e  j u i c e s  o f  v i o l e t s  and c o r n f l o w e r s .
The most  s t r i k i n g  f e a t u r e  a b o u t  h i s  s t u d i e s  i n  
c h e m i s t r y  l i e s  i n  h i s  u s e  o f  r e a c t i o n s  t o  i d e n t i f y  v a r i o u s  
s u b s t a n c e s .  B o y l e ' s  s e a r c h  f o r  a n a l y t i c a l  r e a g e n t s  was e x ­
t r e m e l y  s y s t e m a t i c .  He i s  c r e d i t e d  w i t h  d e v e l o p i n g  t h e  
f i r s t  a n a l y t i c a l  r e a g e n t s ,  u s i n g  c a l c iu m  i o n  t o  d e t e c t  
s u l f u r i c  a c i d  and s i l v e r  i o n  t o  d e t e c t  h y d r o c h l o r i c  a c i d .
Many o f  t h e  r e a c t i o n s  u s e d  by Boyle had been  u s e d  
p r e v i o u s l y  by o t h e r  w o r k e r s ,  b u t  o n ly  Boyle seems t o  have 
r e c o g n i z e d  t h a t  change  o f  c o l o r  r a t h e r  t h a n  j u s t  c o l o r  
i t s e l f  m ig h t  have  a n a l y t i c a l  s i g n i f i c a n c e .  I t  i s  i n  t h i s  
p r i n c i p l e  t h a t  we s e e  one o f  t h e  s a l i e n t  f e a t u r e s  o f  modern 
c h e m ic a l  a n a l y s i s ,  t h a t  i s ,  t h e  i d e n t i f i c a t i o n  o f  a 
s u b s t a n c e  by an a l t e r a t i o n  i n  some s e c o n d a r y  q u a l i t y  o f  t h e  
s u b s t a n c e .
In  B o y le 1s Memoirs o f  a N a t u r a l  H i s t o r y  o f  M i n e r a l  
W a t e r s , p u b l i s h e d  i n  1685, t h e  j u i c e  o f  g a l l n u t s  i s  u s e d  
t o  t e s t  f o r  i r o n  and c o p p e r .  Here he s t a t e s  t h a t  t h e  
amount o f  g a l l n u t  p a p e r  added m ust  be c a r e f u l l y  m easu red  
a s  t h e  s t r e n g t h  o f  t h e  c o l o r  t h e n  g i v e s  t h e  amount o f  
m e t a l  p r e s e n t .  T h i s  i s ,  i n  e s s e n c e ,  a q u a l i t a t i v e  s t a t e ­
ment  o f  B e e r ' s  law .
Boyle made an  a t t e m p t  t o  m ea su re  t h e  " l i m i t  o f  d e ­
t e c t i o n "  o r  s e n s i t i v i t y  o f  c h e m ic a l  r e a c t i o n s ,  e . g . ,  t h e  
d e t e c t i o n  o f  c h l o r i d e  io n  w i t h  s i l v e r  i o n  and t h e  i r o n -  
g a l l n u t  e x t r a c t  r e a c t i o n .
In  1685 Boyle d e s c r i b e d  a new r e a g e n t  w h ic h  he c a l l e d  
" v o l a t i l e  s u l p h u r e o u s  s p i r i t " .  He p r e p a r e d  t h i s  r e a g e n t  by 
m e l t i n g  f l o w e r s  o f  s u l f u r  and g r a d u a l l y  added  a s i m i l a r  
q u a n t i t y  o f  p o t a s s i u m  and d i s t i l l e d  t h e  m i x t u r e  w i t h  an 
aqueous  s o l u t i o n  o f  ammonium c h l o r i d e .  T h i s ,  o f  c o u r s e ,  
was h yd ro g en  s u l f i d e .  He u s e d  i t  as a r e a g e n t  f o r  t h e  
d e t e c t i o n  o f  m e r c u r y ,  t i n ,  l e a d  and c o p p e r .  Hydrogen 
s u l f i d e  was n o t  u s e d  i n  a n a l y t i c a l  p r o c e d u r e s  a f t e r  t h i s  
u n t i l  t h e  end o f  t h e  e i g h t e e n t h  c e n t u r y .  P r o b a b l y  t h e  
i n c o n v e n i e n c e  o f  i t s  p r e p a r a t i o n ,  a t  l e a s t  a s  d e s c r i b e d  by 
B o y le ,  o r  p e rh a p s  i t s  o d o r i f e r o u s  n a t u r e  p r e v e n t e d  i t  from 
b e in g  more w i d e ly  u s e d .
I t  i s  d u r i n g  t h i s  p e r i o d  i n  t h e  h i s t o r y  o f  q u a l i ­
t a t i v e  c h e m ic a l  a n a l y s i s  t h a t  we s e e  t h e  b e g i n n i n g s  o f  t h e  
s y s t e m a t i c  s t u d y  o f  a  r e a g e n t  t o  e x p o se  i t s  g e n e r a l  a n a ­
l y t i c a l  u t i l i t y  w i t h  t h e  m e t a l  i o n s .  For  e x am p le ,
T a c h e n iu s  c a r r i e d  o u t  a s y s t e m a t i c  e x a m i n a t i o n  o f  t h e  
e f f e c t  o f  g a l l n u t  e x t r a c t  on m e t a l  s a l t  s o l u t i o n s .  He o b ­
s e r v e d  t h e  c o l o r  formed w i t h  s o l u t i o n s  o f  many m e t a l s .  He 
a l s o  o b s e r v e d  t h a t  i r o n  was n o t  removed from t h e  human 
body v i a  t h e  u r i n e  as had p r e v i o u s l y  been  su p p o sed  as  no 
c o l o r  was o b t a i n e d  when u r i n e  was t r e a t e d  w i t h  g a l l n u t  e x ­
t r a c t .  T h is  was t h e  f i r s t  example  o f  t h e  a p p l i c a t i o n  o f  
c h e m ic a l  a n a l y s i s  t o  b i o c h e m i s t r y  ( 7 3 ) .
Dur ing  t h e  p e r i o d  o f  i a t r o c h e m i s t r y  a  g r e a t  d e a l  o f  
work was c a r r i e d  o u t  on t h e  c h e m ic a l  a n a l y s i s  o f  w a t e r .  A 
d i s t i n c t i v e  f e a t u r e  o f  European  s o c i a l  l i f e  i n  t h e  s i x ­
t e e n t h  t o  e i g h t e e n t h  c e n t u r i e s  was t h e  p o p u l a r i t y  o f  t h e  
s p a s .  W ith  t h i s  s o c i a l  i n t e r e s t  i n  t h e  b a t h s  t h e r e  grew 
a g a t h e r i n g  c u r i o s i t y  a b o u t  t h e  m e d i c i n a l  and s c i e n t i f i c  
a t t r i b u t e s  o f  t h e  w a t e r s  t h e m s e l v e s .  P r i o r  t o  1780,  
t h i r t y - f o u r  p a p e r s  on m i n e r a l  w a t e r s  had a p p e a r e d  i n  t h e  
P h i l o s o p h i c a l  T r a n s a c t i o n s  o f  t h e  Roya l  S o c i e t y . S in c e  
p a p e r s  c o m p r i s i n g  a l l  o f  s c i e n c e  w ere  p u b l i s h e d  i n  t h i s  
j o u r n a l ,  i t  i s  e v i d e n t  t h a t  t h e  t o p i c  o f  m i n e r a l  w a t e r s  
h e l d  an i m p o r t a n t  p l a c e  i n  t h e  l i t e r a t u r e  o f  t h e  d a y .  In  
a d d i t i o n ,  t h e r e  was a l a r g e  l i t e r a t u r e  i n  book form i n  e x ­
i s t e n c e .  Some o f  t h e  e a r l i e s t  c o m p re h e n s iv e  r e p o r t s  on 
w a t e r  a n a l y s i s  were  due  t o  T h u r n e y s e r  ( i n  1572) and 
L ib a v iu s  ( i n  15 9 7 ) .  The p u b l i c a t i o n  i n  1779 o f  T o r b e r n  
Bergman 's  De A n a l y s i  Aquarum was t h e  b e g i n n i n g  o f  a t r u l y  
s c i e n t i f i c  a p p ro a c h  t o  a n a l y s i s  i n  aqueous s o l u t i o n  ( 7 ) .  
Bergman 's  t r e a t m e n t  was b o t h  t h o r o u g h  and c r i t i c a l ,  as
e v id e n c e d  by some o f  t h e  t o p i c s  i n c l u d e d :  o b s e r v a t i o n  o f  
p h y s i c a l  q u a l i t i e s ,  p r e c i p i t a t i o n  w i t h  r e a g e n t s ,  methods o f  
c o l l e c t i n g  v o l a t i l e  c o n s t i t u e n t s ,  e x a m in a t io n  o f  r e s i d u e s  
and t h e  c o n f i r m a t i o n  o f  t h e  a n a l y s i s  by s y n t h e s i s .  Thus 
Bergman 's  work was a  f i r s t  a t t e m p t  a t  a sy s te m  f o r  q u a l i ­
t a t i v e  a n a l y s i s  i n  aqueous s o l u t i o n .  I t  was b a sed  upon 
t h e  s e p a r a t i o n  o f  d i f f e r e n t  s u b s t a n c e s  i n t o  i n s o l u b l e  
compounds. Bergman was t h e  f i r s t  t o  em p h as ize  t h e  im­
p o r t a n c e  o f  t h e  c h o i c e  and f u n c t i o n  o f  a  r e a g e n t .  He 
u t i l i z e d  ba r iu m  i o n  t o  d e t e c t  s u l f u r i c  a c i d ,  l im e  w a t e r  
f o r  c a rb o n  d i o x i d e ,  p o t a s s i u m  f e r r o c y a n i d e  f o r  i r o n  and 
c o p p e r ,  s i l v e r  i o n  f o r  h y d r o c h l o r i c  a c i d ,  c h l o r i d e  i o n  and 
h y d r o s u l f u r i c  a c i d ,  o x a l i c  a c i d  f o r  l i m e ,  and ammonium and 
a l k a l i  c a r b o n a t e s  f o r  t h e  p r e c i p i t a t i o n  o f  m e t a l s  and 
o x i d e s .  Bergman 's  g r e a t e s t  c o n t r i b u t i o n  was t h e  i d e a  t h a t  
a  c o n s t i t u e n t  d i d  n o t  n e c e s s a r i l y  have  t o  be d e t e r m i n e d  i n  
i t s  e l e m e n t a l  c o n d i t i o n  b u t  c o u ld  be i s o l a t e d  i n  t h e  form 
o f  a known compound.
I n  1799 t h e  book An E s s a y  on t h e  A n a l y s i s  o f  M i n e r a l  
W aters  by R i c h a r d  Kirwan a p p e a r e d .  T h is  was an o u t s t a n d ­
i n g  w ork ,  p r i m a r i l y  b e c a u s e  o f  i t s  c o m p re h e n s iv e  l i s t  o f  
r e f e r e n c e s  and t h e  c r i t i c a l  e x a m i n a t i o n  o f  a l l  t h e  work 
c a r r i e d  o u t  i n  t h e  f i e l d  o f  w a t e r  a n a l y s i s  s i n c e  t h e  t im e  
o f  Bergman. Each c h e m ic a l  r e a g e n t  was c o n s i d e r e d  as t o  t h e  
c o n d i t i o n s  o f  i t s  u s e  and t h e  i n t e r p r e t a t i o n  o f  t h e  r e s u l t s  
o b t a i n e d .  Kirwan c a r r i e d  o u t  i n t e r f e r e n c e  s t u d i e s  and 
c o m p i led  a l i s t  o f  t h e  s a l t s  a d v e r s e l y  a f f e c t i n g  t h e
d e t e r m i n a t i o n  o f  a p a r t i c u l a r  s p e c i e s .  However, Kirwan was 
n o t  c o m p l e t e ly  c o n v in c e d  o f  t h e  u s e f u l n e s s  o f  t e s t s  by 
r e a g e n t s  as opposed  t o  t h e  e x a m in a t io n  o f  t h e  r e s i d u e  a f t e r  
e v a p o r a t i o n .  T h is  r e l u c t a n c e  t o  depend upon t e s t s  g i v e n  by 
r e a g e n t s  was due  t o  t h e  l a c k  o f  any s t a n d a r d  o f  p u r i t y  o f  
t h e  r e a g e n t s  and a l s o  t h e  l a c k  o f  c o n c e n t r a t i o n  s t a n d a r d s  
o f  t h e  r e a g e n t  s o l u t i o n s .  In  t h i s  r e g a r d  i t  i s  i n t e r e s t i n g  
t o  n o t e  t h a t  Boyle  saw t h e  need  f o r  c o n t r o l l i n g  t h e  c o n ­
c e n t r a t i o n  o f  a r e a g e n t .  Hoffmann, i n  1736,  s t a t e d  t h a t  
a l l  r e a g e n t s  s h o u l d  be made up w i t h  d i s t i l l e d  w a t e r .  How­
e v e r ,  r e a g e n t  s o l u t i o n s  wTe r e  commonly made up i n  r a i n  w a t e r ,  
w h ic h  M arg g ra f  c la im e d  was t h e  p u r e s t  w a t e r  o b t a i n a b l e .
The end o f  t h e  s i x t e e n t h  c e n t u r y  began  a p e r i o d  o f  
d i s c o v e r y ,  c o l o n i z a t i o n ,  p r o c u r e m e n t  o f  raw  m a t e r i a l s , 
m e r c e n t i l i s m  and i n d u s t r i a l i z a t i o n .  During  t h i s  e r a ,  t h e  
n e ed  f o r  m e t a l s ,  e s p e c i a l l y  i r o n ,  i n c r e a s e d  g r e a t l y .  T h is  
r e s u l t e d  i n  an i n c r e a s e d  demand f o r  t h e  b a s i c  raw m a t e r i ­
a l s ,  i r o n  o r e  and c o a l .  The deve lop m en t  o f  t h e  s team  
e n g in e  l e d  t o  f u r t h e r  i n d u s t r i a l i z a t i o n  w i t h  an even 
g r e a t e r  need  f o r  m e t a l s .  The i n c r e a s e d  n eed  f o r  m e t a l s  
r e s u l t e d  i n  more m ines  b e in g  opened and t h e s e  new o r e s  
b e in g  examined as p o s s i b l e  s o u r c e s  o f  m e t a l s .  As a c o n s e ­
quence  o f  t h i s  new e m p h a s i s ,  t h e  most  i m p o r t a n t  
c o n t r i b u t i o n  o f  t h i s  p e r i o d  was t h e  d ev e lo p m e n t  o f  methods  
f o r  t h e  a n a l y s i s  o f  m i n e r a l s .  In  t h e  c o u r s e  o f  t h e s e  
s t u d i e s  many new e le m e n t s  w ere  d i s c o v e r e d  and many new 
m ethods o f  a n a l y s i s  w ere  d e v e l o p e d .  In  a d d i t i o n  t o
q u a l i t a t i v e  e x a m i n a t i o n s ,  q u a n t i t a t i v e  a n a l y s i s  i n  aqueous 
s o l u t i o n  was a t t e m p t e d  f o r  t h e  f i r s t  t im e .  The p e o p le  who 
c a r r i e d  o u t  t h i s  work were  m e t a l l u r g i s t s  o r  even  m i n e r s ,  
and as  Sweden p o s s e s s e d  t h e  r i c h e s t  o r e  m ines  i t  s h o u ld  n o t  
be s u r p r i s i n g  t h a t  c h e m i s t r y  f l o u r i s h e d  m ost  s u c c e s s f u l l y  
t h e r e .  As a  c o n seq u e n ce  o f  t h i s  r e l a t i o n s h i p  be tw een  
i n d u s t r y  and s c i e n c e  i t  was d u r i n g  t h i s  p e r i o d  t h a t  r e ­
s e a r c h  and t e c h n o l o g y  were  f i r s t  i n t e g r a t e d .
The b low p ip e  o c c u p i e s  a u n iq u e  p o s i t i o n  i n  t h e  
h i s t o r y  o f  c h e m ic a l  a n a l y s i s  ( 1 4 ) .  A l th o u g h  s im p le  i n  
d e s i g n  and e a s y  t o  u s e  i t  was an e s s e n t i a l  f o r  q u a l i t a t i v e  
a n a l y s i s  i n  e a r l i e r  t i m e s .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  
i t  had been  i n  u s e  by g o l d s m i t h s  s i n c e  a n t i q u i t y  and by 
t h e  s e v e n t e e n t h  c e n t u r y  was w i d e ly  u s e d  i n  t h e  g l a s s  i n d u s ­
t r y .  An i n t e r e s t i n g  comment i s  found i n  a book p u b l i s h e d  
i n  1679 by Johann  Kunckel  ( 4 7 )  r e g a r d i n g  f u t u r e  u s e s  o f  t h e  
b lo w p ip e :  "A lso  many p o s s i b i l i t i e s  a r e  c o n c e a l e d  i n  t h i s  
a r t ;  i n  a  c h e m i s t s '  w ork sho p ,  f o r  e x am p le ,  i t  m ig h t  p ro v e  
t o  be v e r y  u s e f u l .  For e x am ple ,  one u s e  would be t o  m e l t  
a  m e t a l  l im e  i n  o r d e r  t o  s e e  what  m e t a l  i t  c o n t a i n s . "
I n  some o f  t h e  i n i t i a l  work done on t h e  a n a l y s i s  o f  
m i n e r a l s ,  q u a l i t a t i v e  t e s t s  were  c o n d u c te d  m a in ly  u s i n g  
o n l y  t h e  b lo w p ip e .  O f te n  b a se d  upon an e x a m i n a t i o n  o f  t h e  
c r y s t a l  form and o t h e r  m i n e r a l o g i c a l  f e a t u r e s ,  i t  was 
p o s s i b l e  t o  d e c i d e  w h ich  e l e m e n t s  were  p r e s e n t .  T h u s ,  i n
t h e  c a s e  o f  a s i l i c a t e ,  i t  was common p r o c e d u r e  t o  d e ­
t e r m i n e  s i l i c i c  a c i d ,  i r o n ,  a luminum, c a l c i u m  and
magnesium; and o n ly  i f  t h e  r e s u l t s  o f  t h e s e  a n a l y s e s  d i d  
n o t  a p p r o x i m a t e  one h u n d red  p e r  c e n t  were  any o t h e r  
e l e m e n t s  t e s t e d  f o r .  In  g e n e r a l ,  o n ly  t h e  p r i n c i p a l  com­
p o n e n t s  o f  a m i n e r a l  w ere  a n a l y z e d  f o r ,  as s u i t a b l e  methods 
f o r  d e t e c t i n g  amounts l e s s  t h a n  one p e r  c e n t  d i d  n o t  e x i s t .
B a r t h o l i n  was p r o b a b l y  t h e  f i r s t  t o  i n d i c a t e  t h a t  t h e  
b lo w p ip e  c o u ld  be u s e d  f o r  c h e m ic a l  a n a l y s i s .  In  h i s  
t r e a t i s e  on I c e l a n d  s p a r ,  p u b l i s h e d  i n  1670,  he s t a t e s  t h a t  
t h i s  m i n e r a l  i s  bu rn ed  t o  l im e  b e f o r e  t h e  b lo w p ip e .
Bergman c r e d i t s  t h e  f i r s t  u s e  o f  t h e  b lo w p ip e  as an i n s t r u ­
ment  o f  a n a l y s i s  t o  Anton von Swab, a Sw edish  m e t a l l u r g i s t ,  
i n  a b o u t  1738. However, von Swab, l e f t  no w r i t t e n  r e c o r d s  
o f  h i s  work and t h e  e x t e n t  o f  h i s  s t u d i e s  a r e  n o t  d e f i n i ­
t i v e l y  known.
J .  A. Cramer was u n d o u b t e d l y  t h e  f i r s t  t o  r e c o r d  t h e  
u s e  o f  t h e  b lo w p ipe  i n  a s s a y  work .  In  h i s  E l e m e n t i s  A r t i s  
D o c i m a s t i c a e , w h ic h  a p p e a r e d  i n  17 39 ,  he  recommended t h e  
b lo w p ip e  f o r  m e l t i n g  s m a l l  p i e c e s  o f  m e t a l  and f o r  t h e  
r a p i d  a n a l y s i s  o f  m i n e r a l s  and  o r e s .  Cramer was a l s o  t h e  
f i r s t  t o  u s e  b o r a x  a s  a  f l u x  i n  b lo w p ip e  t e s t i n g .
When t h e  m i n e r a l o g i s t  A. F. C r o n s t e d t  d e s c r i b e d  a new 
s p e c i e s  o f  m i n e r a l  i n  1756 and gave  i t  t h e  name o f  z e o l i t e ,  
h i s  u s e  o f  t h e  b lo w p ip e  was o b v i o u s .  The word z e o l i t e  i s  a 
c o m b i n a t i o n  o f  two Greek works m ean ing  " t o  f r o t h "  and 
" s t o n e " .  Thus t h e  r e s u l t s  o f  t h e  t e s t  o f  t h i s  m i n e r a l  
b e f o r e  t h e  b lo w p ip e  d i c t a t e d  i t s  name. C r o n s t e d t ,  who 
founded  t h e  c h e m ic a l  s y s te m  o f  m i n e r a l o g y ,  u s e d  sodium
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c a r b o n a t e ,  b o ra x  and sodium p h o s p h a t e  as f u s i o n  m i x t u r e s .
The f i r s t  c o m p le te  m anua l  on b lo w p ipe  a n a l y s i s  was p u b l i s h ­
ed by C r o n s t e d t  i n  1785.
The u s e  o f  t h e  b low p ip e  was e x te n d e d  from m i n e r a l o g y  
i n t o  i n o r g a n i c  c h e m i s t r y  by T o rb e rn  Bergman, t h e  g r e a t e s t  
a n a l y s t  o f  t h e  e i g h t e e n t h  c e n t u r y .  He improved t h e  
a p p a r a t u s  u s e d ,  n o t e d  t h e  d i f f e r e n c e  be tw een  t h e  o x i d i z i n g  
and r e d u c i n g  f l a m e s  and s t u d i e d  a l a r g e  number o f  m i n e r a l s  
and i n o r g a n i c  compounds. Bergman s y s t e m a t i c a l l y  r e c o r d e d  
t h e  r e a c t i o n s  o f  t h e  v a r i o u s  g ro u p s  o f  m i n e r a l s  w i t h  t h e  
b lo w p ip e .  He a l s o  s t a t e s  t h a t  a q u a n t i t a t i v e  e s t i m a t i o n  
i s  n o t  p o s s i b l e  w i t h  a b lo w p ip e .  Here we f i n d  t h e  f i r s t  
r e f e r e n c e  t o  t h e  d i f f e r e n c e  be tween  q u a l i t a t i v e  and 
q u a n t i t a t i v e  a n a l y s i s .
The b lo w p ip e  was g i v e n  t h e  form i t  has t o d a y  by J .  G. 
Gahn, an a s s i s t a n t  o f  Bergman. He i n t r o d u c e d  t h e  p r o c e s s  
o f  r e d u c i n g  m e t a l l i c  o x i d e s  w i t h  t h e  a i d  o f  sodium c a r b o n ­
a t e  on c h a r c o a l .
B e r z e l i u s  was a p u p i l  o f  G ah n 's  f o r  t e n  y e a r s  and a l l  
o f  G a h n 's  knowledge  o f  t h e  b lo w p ip e  was p a s s e d  on t o  h i s  
f r i e n d .  Through  B e r z e l i u s ,  b low p ipe  a n a l y s i s  became an 
e s t a b l i s h e d  t e c h n i q u e  i n  b o t h  m in e r a l o g y  and i n o r g a n i c  
c h e m i s t r y .  B e r z e l i u s '  work c u lm i n a t e d  i n  t h e  p u b l i c a t i o n  
o f  h i s  t r e a t i s e  on t h e  b lo w p ip e  i n  1820. The p r o c e d u r e s  
as  g i v e n  i n  t h i s  book have  r e m a in e d  e s s e n t i a l l y  unchanged  
t o  t h e  p r e s e n t .
Even d u r i n g  t h i s  p e r i o d  o f  t h e  g r e a t e s t  p o p u l a r i t y  o f
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t h e  b l o w p i p e ,  a t t e n t i o n  was a l s o  b e in g  g i v e n  t o  r e a c t i o n s  
i n  aqueous  s o l u t i o n  and t h e  u s e  o f  r e a g e n t s  as  a n a l y t i c a l  
t o o l s .  I t  i s  a h i s t o r i c a l  f a c t  t h a t  a n a l y s i s  i n  t h e  " d ry  
way" and "wet way" were  b o t h  i n  u s e  i n  1700, b u t  i t  was 
n o t  assumed t h a t  t h e s e  two methods s h o u l d  y i e l d  s i m i l a r  
r e s u l t s .  The g r e a t e s t  e x p a n s i o n  o f  t h e  wet method of  
a n a l y s i s  was due  t o  Bergman, who i n  1780 p i o n e e r e d  i n  t h e  
d i s s o l u t i o n  o f  m i n e r a l s .  He powdered t h e  m i n e r a l  t o  a 
f i n e l y  d i v i d e d  s t a t e ,  mixed i t  w i t h  sodium c a r b o n a t e  and 
i g n i t e d  i t  s t r o n g l y  i n  an i r o n  c r u c i b l e  f o r  s e v e r a l  h o u r s ,  
t h e n  e x t r a c t e d  w i t h  h y d r o c h l o r i c  a c i d .  K l a p r o t h  s t a t e d  
t h a t  a c h e m ic a l  a n a l y s i s  was i n v a l i d  i f  any o f  t h e  sam ple  
r e m a in e d  u n d i s s o l v e d .  He a c h i e v e d  c o m p le te  s o l u t i o n  o f  
d i f f i c i l e  sam p les  by u s i n g  more p o w e r f u l  f l u x e s ,  f o r  
e x am p le ,  p o t a s s i u m  h y d r o x i d e .
Even when wet methods o f  a n a l y s i s  had r e a c h e d  a h i g h  
s t a t e  o f  d e v e lo p m e n t ,  t h e  b low p ip e  o f t e n  re m a in e d  t h e  
o n l y  s a t i s f a c t o r y  way o f  d e c i d i n g  be tw een  s e v e r a l  m e t a l s  
p r e c i p i t a t e d  by t h e  same g ro u p  r e a g e n t .  T hus ,  Thomson i n  
1836 h a v in g  p r e c i p i t a t e d  n i c k e l ,  c o b a l t ,  z i n c  and manga­
n e s e  as  s u l f i d e s ,  u s e d  t h e  b lo w p ip e  f o r  v e r i f i c a t i o n .
Even B e r z e l i u s ,  c o n s i d e r e d  by many as  t h e  g r e a t e s t  a n a l y s t  
o f  h i s  d a y ,  h a v in g  t e s t e d  h i s  s o l u t i o n  w i t h  h y d ro g en  s u l ­
f i d e  would c o n f i r m  h i s  r e s u l t s  w i t h  t h e  b lo w p ip e .
However,  due t o  t h e i r  g r e a t e r  c o n v e n i e n c e ,  r a p i d i t y ,  
and a d a p t a b i l i t y ,  r e a c t i o n s  i n  aqueous  s o l u t i o n  were  
d e s t i n e d  t o  r e p l a c e  b lo w p ip e  a n a l y s e s .  I t  was p r o b a b l y  t h e
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l a c k  o f  s u i t a b i l i t y  o f  b low pipe  methods f o r  q u a n t i t a t i v e  
a n a l y s i s  t h a t  l e d  t o  t h e  u n i v e r s a l  a c c e p t a n c e  o f  wet 
methods o f  a n a l y s i s .
The d ev e lo p m e n t  o f  c l a s s i c a l  q u a l i t a t i v e  a n a l y s i s  was 
u n d o u b t e d l y  due t o  t h e  k e en  i n t e r e s t  i n  t h e  c h e m i s t r y  o f  
h yd rog en  s u l f i d e  d i s p l a y e d  i n  t h e  l a t e  1 7 0 0 ' s  and e a r l y  
1 8 0 0 ' s .  I t  o c c u p i e d  t h e  a t t e n t i o n  o f  t h e  m a j o r i t y  o f  t h e  
p r o m in e n t  a n a l y s t s  o f  t h e  t i m e s .  Bergman d e s c r i b e d  t h e  
p r o p e r t i e s  o f  h y d ro g en  s u l f i d e  n o t i n g  t h a t  i t  g i v e s  p r e ­
c i p i t a t e s  w i t h  s o l u t i o n s  o f  s i l v e r ,  m e r c u r y ,  l e a d ,  a r s e n i c ,  
z i n c ,  and i r o n .  I t  i s  i n t e r e s t i n g  t h a t  Bergman d i d  n o t  
c o n s i d e r  t h e  b r o a d e r  a n a l y t i c a l  i m p l i c a t i o n s  o f  t h e s e  
r e a c t i o n s .  The r e a c t i o n s  were  u se d  o n ly  f o r  t h e  d e t e c t i o n  
o f  h y d ro g en  s u l f i d e  and n o t  f o r  t h e  q u a l i t a t i v e  d e t e c t i o n  
o f  t h e  m e t a l s .  The p o s s i b i l i t y  o f  u s i n g  as a q u a n t i ­
t a t i v e  r e a g e n t  was p o i n t e d  o u t  by W i n t e r l  who n o t e d  t h a t  
l e a d  can  be c o m p l e t e l y  p r e c i p i t a t e d  and a d d i t i o n  o f  Na2 S0 ^ 
t o  t h i s  f i l t r a t e  gave  no p r e c i p i t a t e .
The d i f f i c u l t y  o f  p r e p a r i n g  and c o n v e n i e n t l y  d i s ­
p e n s i n g  h y d ro g e n  s u l f i d e  was c i r c u m v e n te d  q u i t e  e a r l y  by 
Hahnemann, who i n  1788 u se d  h y d rog en  s u l f i d e  as an aqueous 
s o l u t i o n  p r e p a r e d  by s h a k i n g  c a lc iu m  s u l f i d e  w i t h  a 
s o l u t i o n  o f  t a r t a r i c  a c i d .  P r i o r  t o  t h i s  means o f  p r e p a ­
r a t i o n ,  S c h e e l e ,  i n  1777,  had s t a t e d  t h a t  t h e  i g n i t i o n  o f  
i r o n  f i l i n g s  w i t h  s u l f u r  fo rm s ,  " s u l p h u r a t e d  i r o n ,  w h ich  
y i e l d s  w i t h  a c i d s  b a d - s m e l l i n g  s u l p h u r - a i r . "  The e a r l i e s t  
h yd rog en  s u l f i d e  g e n e r a t o r  was d e v i s e d  by t h e  E n g l i s h
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c h e m is t  John J .  G r i f f i n .  T h is  was l a t e r  m o d i f i e d  by K ipp ,  
whose v e r s i o n  f i r s t  a p p e a r e d  i n  1864.
The r e a l  i m p o r t a n c e  o f  hydrogen  s u l f i d e  as  a r e a g e n t  
i n  a n a l y t i c a l  c h e m i s t r y  i s  due  t o  G ay-Lussac  ( 2 6 ) .  In  1811, 
he  e s t a b l i s h e d  t h a t  t h e  e f f e c t  o f  t h i s  r e a g e n t  i s  d e p e n d e n t  
upon t h e  a c i d  s t r e n g t h  o f  t h e  medium, some m e t a l s  b e in g  
p r e c i p i t a t e d  from s t r o n g l y  a c i d i c  s o l u t i o n s ,  w h i l e  o t h e r s  
were  o n ly  p r e c i p i t a t e d  from w eak ly  a c i d i c  s o l u t i o n s .  He 
a l s o  found  t h a t  h y d ro g en  s u l f i d e  can r e d u c e  c e r t a i n  m e t a l s  
i n  t h e i r  h i g h e s t  o x i d a t i o n  s t a t e ,  e l e m e n t a l  s u l f u r  b e in g  
p r e c i p i t a t e d  i n  t h e  p r o c e s s .  He a l s o  made a n o t h e r  i n t e r ­
e s t i n g  p o i n t ,  t h a t  i s ,  m e t a l s  w h ich  c a n n o t  be p r e c i p i t a t e d  
from s t r o n g l y  a c i d i c  s o l u t i o n s ,  a r e  p r e c i p i t a t e d  i f  
p o t a s s i u m  a c e t a t e  i s  added t o  t h e  s o l u t i o n ,  b e c a u se  "by 
t h e  e f f e c t  o f  t h i s  t h e  m e t a l  i s  t r a n s f o r m e d  i n t o  an a c e t i c  
a c i d  compound." T h is  i s  t h e  e a r l i e s t  r e c o r d e d  a p p l i c a t i o n  
o f  t h e  b u f f e r  p r i n c i p l e .  In  b a s i c  m e d ia ,  as  G ay-Lussac  
p o i n t e d  o u t ,  t h e  m a j o r i t y  o f  t h e  m e t a l s  g i v e  p r e c i p i t a t e s  
w i t h  h y d ro g en  s u l f i d e .
The f i r s t  r e a l l y  g e n e r a l  and c o m p re h en s iv e  t e x t b o o k  on 
a n a l y t i c a l  c h e m i s t r y  was w r i t t e n  by C. H. P f a f f  ( 6 0 ) .  Here 
he  l i s t s  t h e  m e t a l s  t h a t  form p r e c i p i t a t e s  w i t h  h y drogen  
s u l f i d e  i n  a c i d i c  s o l u t i o n .  He a l s o  n o t e s  t h e  s e n s i t i v i t i e s  
o f  t h e s e  r e a c t i o n s .  T h is  book was u n i q u e  i n  t h a t  i t  was a 
c r i t i c a l  e v a l u a t i o n  o f  t h e  a n a l y t i c a l  m ethods o f  t h e  day 
and a l s o  gave  a c c u r a t e  r e f e r e n c e s  t o  t h e  l i t e r a t u r e .
P f a f f ' s  book c o n t a i n e d  s e c t i o n s  on t h e  p r e p a r a t i o n  and u s e s
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o f  a n a l y t i c a l  r e a g e n t s ;  a p p a r a t u s  and t e c h n i q u e ;  and t h e  
a n a l y s i s  o f  m i n e r a l s ,  s a l t s ,  m e t a l s ,  m i n e r a l  w a t e r s  and 
g a s e s .
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  P f a f f  recommends a  new 
method o f  w a t e r  a n a l y s i s  p r o p o s e d  by Murray w h ich  c o n s i s t e d  
o f  d e t e r m i n i n g  t h e  p r i n c i p a l  c o n s t i t u e n t s  i n  w a t e r  by t h e  
a d d i t i o n  o f  v a r i o u s  r e a g e n t s  w i t h o u t  p r e v i o u s  e v a p o r a t i o n  
o f  t h e  s a m p le .  F o r  e x a m p le ,  ba r iu m  c h l o r i d e  was added t o  
p r e c i p i t a t e  t h e  s u l f a t e  and c a r b o n a t e  i o n s .  T h is  combined 
p r e c i p i t a t e  was s u b j e c t e d  t o  an a c i d  t r e a t m e n t  and t h e  
c a r b o n a t e  d e t e r m i n e d  by d i f f e r e n c e .  C h l o r i d e  i o n  was 
p r e c i p i t a t e d  w i t h  s i l v e r  n i t r a t e ,  c a l c i u m  i o n  w i t h  o x a l a t e  
and  magnesium i o n  w i t h  p h o s p h a t e .
P f a f f  a l s o  recommended t h a t  an unknown s o l u t i o n  be 
exam ined  w i t h  r e a g e n t s  t h a t  g i v e  c h a r a c t e r i s t i c  r e a c t i o n s  
w i t h  v a r i o u s  g ro u p s  o f  c h e m ic a l  s p e c i e s :  h yd rog en  s u l f i d e ,  
ammonium s u l f i d e ,  p o t a s s i u m  f e r r o c y a n l d e ,  ammonium c a r b o n ­
a t e ,  ammonium h y d r o x i d e ,  p o t a s s i u m  h y d r o x i d e  and p o t a s s i u m  
o x a l a t e  b e in g  m e n t io n e d  as  g ro u p  r e a g e n t s .  These  r e a g e n t s  
a r e  b a s i c  s u b s t a n c e s  u se d  i n  t h e  q u a l i t a t i v e  a n a l y s i s  
scheme f o r  c a t i o n s  t o d a y .
T h u s ,  b o t h  r e a g e n t s  and r e a c t i o n s  w ere  a v a i l a b l e  a t  
t h i s  t i m e  and a l l  t h a t  was r e q u i r e d  was an a r r a n g e m e n t  i n t o  
some s y s t e m a t i c  o r d e r  so  t h a t  a q u a l i t a t i v e  scheme o f  
a n a l y s i s  c o u ld  be d e v e l o p e d .
One o f  t h e  f i r s t  o f  t h e  s y s t e m a t i c  g ro u p  methods was 
due t o  K l a p r o t h  i n  1789. Ammonium h y d r o x i d e  was u s e d  as  a
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g ro u p  p r e c i p i t a n t  and p o t a s s i u m  h y d r o x i d e  was u s e d  t o  s e p a ­
r a t e  t h e  a m p h o t e r i c  h y d r o x i d e s  o f  aluminum and b e r y l l i u m .
O th e r  a t t e m p t s  a t  e s t a b l i s h i n g  s y s t e m a t i c  g ro u p  
a n a l y s i s  were  made by R o se ,  Thomson and B e r z e l i u s  i n  t h e  
p e r i o d  1830 t o  1840. These  schemes u se d  b a s i c a l l y  t h e  same 
g ro u p  p r e c i p i t a n t s  as  t h e i r  p r e d e c e s s o r s  b u t  had been  e x ­
t e n d e d  t o  i n c l u d e  many o f  t h e  e l e m e n t s  b e i n g  d i s c o v e r e d  
d u r i n g  t h i s  p e r i o d .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  b e f o r e  
1800 t h e r e  were  o n l y  t w e n ty - tw o  m e t a l l i c  e l e m e n t s  known.
In  t h e  p e r i o d  from 1800 t o  1840,  tw e n ty  new m e t a l l i c  
e l e m e n t s  were  fo u n d .  The d i s c o v e r y  o f  t h i s  many e l e m e n t s  
i n  s u c h  a  s h o r t  p e r i o d  o f  t im e  a t t e s t s  t o  t h e  i n t e n s e  
i n t e r e s t  i n  q u a l i t a t i v e  a n a l y s i s  p r e v a l e n t  a t  t h i s  t i m e .
A f t e r  P f a f f ' s  book ,  t h e  n e x t  a n a l y t i c a l  t e x t  o f  any 
co n se q u e n c e  was t h e  Handbuch d e r  a n a l v t i s c h e n  Chemie 
w r i t t e n  by H e i n r i c h  Rose i n  1829. In  t h i s  w ork ,  Rose 
o r i g i n a t e d  t h e  t r e a t m e n t  found  i n  c u r r e n t  q u a l i t a t i v e  
a n a l y s i s  books o f  c o n s i d e r i n g  e a c h  e le m e n t  i n d i v i d u a l l y  
and d i s c u s s i n g  i t s  a n a l y t i c a l  r e a c t i o n s .  P r i o r  t o  t h i s ,  
t h e  r e a g e n t s  had been  c o n s i d e r e d  as  s e p a r a t e  e n t i t i e s  and 
t h e  r e a c t i o n s  o f  t h e  i n d i v i d u a l  e l e m e n t s  w ere  summarized  
f o r  e a c h  r e a g e n t .
Rose p r e s e n t e d  a  g e n e r a l  scheme o f  c a t i o n  a n a l y s i s  
v e r y  s i m i l a r  t o  t h a t  i n  u s e  t o d a y .  He p r e c i p i t a t e d  s i l v e r ,  
m e r c u r y ,  and l e a d  w i t h  h y d r o c h l o r i c  a c i d .  Hydrogen s u l f i d e  
was t h e  Group I I  p r e c i p i t a t i n g  r e a g e n t  and ammonium s u l f i d e  
was u s e d  f o r  t h e  Group I I I  i o n s  o f  i r o n ,  n i c k e l ,  c o b a l t ,
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z i n c ,  manganese  and aluminum. The f i l t r a t e  from t h i s  g ro u p  
was t r e a t e d  w i t h  ammonium c a r b o n a t e  and t h e  i o n s  o f  b a r iu m ,  
s t r o n t i u m ,  and c a l c i u m  were  p r e c i p i t a t e d .  In  t h e  s o l u b l e  
g r o u p ,  magnesium was p r e c i p i t a t e d  w i t h  sodium p h o s p h a t e  
and p o t a s s i u m  w i t h  p l a t i n u m  c h l o r i d e .
R o s e ' s  book was t h e  f i r s t  t o  d e s c r i b e  t h e  r e a c t i o n s  
o f  t h e  i n d i v i d u a l  e l e m e n t s  and a l s o  t h e  f i r s t  t o  p r e s e n t  a 
s y s t e m a t i c  c o u r s e  o f  a n a l y s i s .  However, t h e s e  f i r s t s  were  
a p p a r e n t l y  more t h a n  o u tw e ig h e d  by i t s  s h o r t c o m i n g s .  T hese  
d e f i c i e n c i e s  i n c l u d e d  an  overw helm ing  mass o f  i n f o r m a t i o n  
p r e s e n t e d  and a l a c k  o f  o r d e r  i n  i t s  p r e s e n t a t i o n .  I t  was 
no d o u b t  t h e  q u i c k n e s s  o f  F r e s e n i u s  i n  r e c o g n i z i n g  t h e s e  
f a u l t s  t h a t  e a r n e d  f o r  him t h e  r e p u t a t i o n  f o r  b e in g  t h e  
d e v e l o p e r  o f  s y s t e m a t i c  q u a l i t a t i v e  a n a l y s i s .  In  t h e  
p r e f a c e  o f  h i s  book F r e s e n i u s  ( 2 4 )  s t a t e d ,  " I  c o u ld  p e r ­
c e i v e  t h a t  i n  t h e  g r e a t  w e a l t h  o f  m a t e r i a l ,  p r e s e n t e d  i n  
t h e  c l a s s i c a l  work o f  Rose ,  b e g i n n e r s  a r e  l o s i n g  t h e i r  way, 
as t h i s  v e r y  f i n e  book i s  n o t  v e r y  c l e a r  t o  t h e m ."
A n o th e r  scheme o f  some i m p o r t a n c e  was p u b l i s h e d  by 
Thomson i n  1836. Ammonium h y d r o x i d e ,  hy d ro g en  s u l f i d e ,  
ammonium c a r b o n a t e ,  p o t a s s i u m  s u l f a t e  and ammonium o x a l a t e  
were  u s e d  as g ro u p  p r e c i p i t a n t s .  The b lo w p ip e  was u s e d  f o r  
c o n f i r m a t o r y  t e s t s  w i t h i n  t h e  g r o u p s .
In  1841,  C. R. F r e s e n i u s ,  a young s t u d e n t  o f  t w e n t y -  
two a t  Bonn, p u b l i s h e d  h i s  A n l e i t u n g  z u r  q u a l i t a t i v e n  
c h em ischen  A n a l y s e . T h is  book was u n d o u b t e d l y  one o f  t h e  
m ost  s u c c e s s f u l  books e v e r  w r i t t e n  on a n a l y t i c a l  c h e m i s t r y .
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The se co n d  e d i t i o n  a p p e a r e d  i n  1842, t h e  t h i r d  i n  1844 ,  t h e  
f o u r t h  i n  1846,  and by 1852 t h e  s e v e n t h  e d i t i o n  had a p p e a r ­
e d .  The book had r e a c h e d  i t s  s i x t e e n t h  e d i t i o n  by 1897. 
T h e re  were  m in o r  r e v i s i o n s  made i n  e a c h  e d i t i o n ,  b u t  t h e  
o r i g i n a l  p l a n  o f  t h e  book was so  co m p le te  t h a t  no m a jo r  
r e v i s i o n  was e v e r  r e q u i r e d .  T h is  work was o f  su c h  c o n s e ­
quen ce  t h a t  E n g l i s h ,  F r e n c h ,  I t a l i a n ,  S p a n i s h ,  D u tch ,  
H u n g a r ia n ,  C h in e s e  and R u s s i a n  e d i t i o n s  were  p u b l i s h e d .
F r e s e n i u s  o r i g i n a l l y  w r o t e  h i s  book f o r  h i s  own u se  
when he was a s t u d e n t .  At t h i s  t im e  i n  t h e  d ev e lo p m en t  o f  
c h e m i s t r y  t h e r e  was no p r a c t i c a l  l a b o r a t o r y  i n s t r u c t i o n  and 
he was w o rk in g  i n  t h e  p r i v a t e  l a b o r a t o r y  o f  h i s  p r o f e s s o r .  
S in c e  he was w o rk in g  a l o n e  w i t h o u t  f o rm a l  l a b o r a t o r y  s u p e r ­
v i s i o n  t h e  n o t e s  he  made came as  a n a t u r a l  c o n seq u e n ce  o f  
t h e s e  c i r c u m s t a n c e s .  His p r o f e s s o r  e n c o u ra g e d  him t o  
p u b l i s h  t h e s e  n o t e s  as he r e a l i z e d  t h e i r  t r u e  v a l u e .
The o r i g i n a l  q u a l i t a t i v e  a n a l y s i s  scheme o f  F r e s e n i u s  
was e s s e n t i a l l y  t h e  same as  i s  i n  u s e  t o d a y .  Only t h e  
m ost  i m p o r t a n t  m e t a l s  w e re  s e l e c t e d  f o r  i n c l u s i o n .  I t  i s  
i n t e r e s t i n g  t o  s p e c t u l a t e  upon t h e  e f f e c t  o f  t h e  s e l e c t i o n  
o f  t h i s  p a r t i c u l a r  g ro u p  o f  e l e m e n t s  has had on q u a l i t a t i v e  
a n a l y s i s .  For  even  t o d a y ,  few c h e m is t s  have  any i d e a  i n t o  
w h ic h  g ro u p  some o f  t h e  l e s s  common m e t a l s ,  s u c h  as v a n a d i ­
um o r  t i t a n i u m ,  would be p l a c e d .
F r e s e n i u s  a l s o  i n c l u d e d  a scheme f o r  t h e  d e t e c t i o n  o f  
a n io n s  i n  h i s  book.  These  t e s t s  t o d a y  a l s o  r e m a in  b a s i c a l ­
l y  u n c h a n g e d .
I t  i s  a p p a r e n t  t h a t  F r e s e n i u s  r e a l i z e d  t h a t  h i s  
schemes c o u ld  and would be u se d  i n  a  "cook-book  f a s h i o n " ,  
f o r  i n  t h e  p r e f a c e  t o  h i s  book he c a u t i o n e d  t h a t  any 
scheme o f  a n a l y s i s  s h o u l d  be r e g a r d e d  o n ly  a s  a g u i d e ,  and 
t h o u g h t  and e x p e r i e n c e  w ere  i n v a l u a b l e  i n  t h e  s u c c e s s  o f  
any a n a l y s i s .  Methods had t o  be v a r i e d  a c c o r d i n g  t o  t h e  
t y p e  o f  m a t e r i a l  t o  be exam ined .  He o b v i o u s l y  p l a c e d  a 
g r e a t  d e a l  o f  i m p o r t a n c e  upon e x p e r i e n c e  b e c a u s e  he c o n ­
s i d e r e d  one h u n d red  p r a c t i c a l  a n a l y s e s  a  minimum number t o  
o b t a i n  an a d e q u a t e  knowledge  o f  t h e  m ethod .  In  h i s  words 
( 2 4 ) ,  "The f i r s t  tw e n ty  sam ples  s h o u l d  c o n t a i n  o n l y  one 
w a t e r - s o l u b l e  s a l t ,  o f  w h ich  o n l y  t h e  c a t i o n  need  be 
i d e n t i f i e d .  Among t h e s e  sam p les  t h e r e  s h o u l d  be i n  a d ­
d i t i o n  t o  s o l u b l e  s a l t s  s e v e r a l  s am p les  w h ic h  r e q u i r e  
f u s i o n .  The n e x t  f i f t e e n  sam p les  s h o u ld  c o n t a i n  s e v e r a l  
c a t i o n s  i n  aqueous  s o l u t i o n ,  f o l l o w e d  by a f u r t h e r  f i f t e e n  
sa m p le s  o f  s o l i d  s a l t  m i x t u r e s .  The l a s t  tw e n ty  a n a l y s e s  
s h o u l d  be c a r r i e d  o u t  on n a t u r a l l y  o c c u r r i n g  s u b s t a n c e s ,  
w a t e r ,  e a r t h ,  m i n e r a l s ,  a l l o y s ,  e t c . "
The b lo w p ip e  was l i s t e d  among t h e  eq u ip m en t  recom ­
mended by F r e s e n i u s  and was u s e d  i n  t h e  c o n f i r m a t o r y  t e s t s  
f o r  t h e  m e t a l s  o f  Groups I I  and I I I .
The d e v e lo p m e n t  o f  t h e  schemes o f  q u a l i t a t i v e  a n a l y ­
s i s  was a s i g n i f i c a n t  acc o m p l i sh m en t  i n  t h e  e v o l u t i o n  o f  
c h e m i s t r y .  T h is  was p a r t i c u l a r l y  s o ,  i n  l i g h t  o f  t h e  
enormous amount'  o f  c h e m i s t r y  i n v o l v e d  whose t h e o r e t i c a l  
b a s i s  had n o t  been  e n u n c i a t e d .  One has  o n l y  t o  remember
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t h a t  t h e  t h e o r y  o f  e l e c t r o l y t i c  d i s s o c i a t i o n  was p o s t u l a t e d  
i n  1884 by A r r h e n i u s ;  t h e  modern t h e o r y  o f  c o o r d i n a t i o n  
c h e m i s t r y  had i t s  b e g i n n i n g s  w i t h  Werner i n  1892;  t h e  whole  
p ro b lem  o f  e q u i l i b r i u m  r e a c t i o n s  was s t u d i e d  by G uldberg  
and Waage be tw een  1864 and 1879; i t  was i n  1892 t h a t  
B a n c r o f t  a r r a n g e d  o x i d i z i n g  and r e d u c i n g  a g e n t s  i n  o r d e r  
o f  s t r e n g t h  b a sed  upon t h e i r  e l e c t r o d e  p o t e n t i a l s ;  and 
O s tw a ld  i n t r o d u c e d  t h e  c o n c e p t s  o f  d i s s o c i a t i o n  c o n s t a n t s  
and t h e  s o l u b i l i t y  p r o d u c t  as  l a t e  as  1894.  The f i r s t  
t e x t  i n  w h ich  q u a l i t a t i v e  a n a l y s i s  was t r e a t e d  e n t i r e l y  on 
t h e  b a s i s  o f  t h e  A r r h e n iu s  t h e o r y  was w r i t t e n  by B o t t g e r  
i n  1898.
Because  o f  t h e  t o x i c i t y  and o d o r i f e r o u s  n a t u r e  o f  
hyd ro g en  s u l f i d e  t h e r e  have  been  numerous a t t e m p t s  t o  
d e v i s e  a  s y s t e m a t i c  method o f  a n a l y s i s  w i t h o u t  t h e  u s e  o f  
t h i s  r e a g e n t .  However, i n  s p i t e  o f  t h e s e  f a i l i n g s ,  t h e  u s e  
o f  h y d ro g en  s u l f i d e  o r  s u l f i d e - p r o d u c i n g  compounds i s  s t i l l  
o v e rw h e lm in g ly  f a v o r e d  i n  t h e  q u a l i t a t i v e  c a t i o n  schemes o f  
t o d a y .  A r e c e n t  s u r v e y  o f  f i v e  h u nd red  c o l l e g e s  r e v e a l e d  
t h a t  31.1% u se d  h yd rog en  s u l f i d e ,  6 4 . 7 7 „ u s e d  t h i o a c e t a m i d e  
and o n l y  47» u s e d  n o n - s u l f i d e  schemes ( 4 0 ) .
T h e re  have  been  a p p r o x i m a t e l y  t h r e e  t h o u s a n d  p a p e r s  
and books d e a l i n g  w i t h  t h e  H2 S s y s t e m .  But i n  s p i t e  o f  
t h i s  t r em end o us  volume o f  work t h e  b a s i c  scheme o f  
F r e s e n i u s  r e m a in s  u n a l t e r e d .  S h o r t l y  a f t e r  t h e  a p p e a r a n c e  
o f  F r e s e n i u s ' s  schem e,  Himly p ro p o s e d  t h a t  sodium t h i o -  
s u l f a t e  be s u b s t i t u t e d  f o r  h yd ro g en  s u l f i d e  ( 3 9 ) .  T h is  was
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t h e  f i r s t  o f  many schemes o f f e r i n g  s u b s t i t u t e s .  O th e r  
s o u r c e s  o f  s u l f i d e ,  s u c h  as  a l k a l i  s u l f i d e s ,  o r g a n i c  
s u l f i d e s ,  i n s o l u b l e  m e t a l  s u l f i d e s ,  and pho sph o ru s  p e n t a -  
s u l f i d e  have  been  s u g g e s t e d .  In  a d d i t i o n ,  v a r i o u s  o r g a n i c  
compounds have been  p r o p o s e d  as s o u r c e s  o f  s u l f i d e :  
t h i o u r e a ,  t h i o a c e t i c  a c i d ,  sodium d i e t h y l d i t h i o c a r b a m a t e , 
and ammonium d i t h i o c a r b o n a t e  among o t h e r s .  A l l  o f  t h e s e  
were  o n l y  p a r t i a l l y  s u c c e s s f u l  b u t  t h i o a c e t a m i d e ,  which  
was f i r s t  p ro p o se d  f o r  a n a l y t i c a l  p u rp o s e s  by Iwanof i n  
1934 ( 4 2 ) ,  has  p ro v e n  t o  be a c c e p t a b l e .  The fu n d a m e n ta l  
s t u d i e s  o f  B a r b e r ,  F l a s c h k a ,  and S w i f t  have  s u b s t a n i a t e d  
i t s  v a l u e  as  a h y d ro g en  s u l f i d e  s u b s t i t u t e .  The p o s s i ­
b i l i t y  o f  r e p l a c i n g  g a se o u s  h yd ro g en  s u l f i d e  w i t h  
t h i o a c e t a m i d e  i n  q u a l i t a t i v e  p r o c e d u r e s  was i n i t i a l l y  
p o i n t e d  o u t  by B a rb e r  and Grzeskowiak  (1 )  i n  1949. In  
1951, a c o m p le te  scheme o f  q u a l i t a t i v e  a n a l y s i s  u s i n g  
t h i o a c e t a m i d e  was p u b l i s h e d  by L i p i e c  and P ry szc ze w sk a  
( 5 1 ) .  The f i r s t  q u a l i t a t i v e  a n a l y s i s  t e x t  u t i l i z i n g  t h i o ­
a c e t a m i d e  was t h a t  o f  B a rb e r  and T a y lo r  ( 2 ) .
T here  have  been  numerous e f f o r t s  made t o  u s e  
h y d r o x i d e s ,  s u l f a t e s ,  c a r b o n a t e s ,  p h o s p h a t e s ,  o x a l a t e s  and 
c h ro m a te s  as g ro u p  p r e c i p i t a t e s .  T h ere  a r e  i n h e r e n t  
d i f f i c u l t i e s  a s s o c i a t e d  w i t h  most  o f  t h e s e  r e a g e n t s .  For 
e x a m p le ,  p h o s p h a t e  t e n d s  t o  i n t e r f e r e  w i t h  i n t r a g r o u p  
s e p a r a t i o n s  and i n h i b i t s  many o f  t h e  c o n f i r m a t o r y  t e s t s .  
Depending  upon where  t h e y  a r e  u se d  i n  t h e  schem e,  h y d r o x i d e  
and c a r b o n a t e  can  y i e l d  u n w ie ld y  s i z e d  g ro u p s  o f  t e n  t o
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t w e lv e  m e t a l s .
A s t u d y  o f  t h e  numerous q u a l i t a t i v e  a n a l y s i s  schemes 
t h a t  have been  p u b l i s h e d  s i n c e  t h a t  o f  F r e s e n i u s  e n a b l e s  
one t o  r e a c h  t h e  c o n c l u s i o n  t h a t  t h e  same r e a g e n t s ,  p r o c e ­
d u r e s  and i d e a s  a r e  met  t im e  a f t e r  t im e  i n  a m y r ia d  o f
m o d i f i e d  c o m b i n a t i o n s .  I t  becomes o b v io u s  t h e r e  a r e  o n ly  a
l i m i t e d  number o f  s t o c k  p r o c e d u r e s  and r e a g e n t s  w i t h  w h ich  
a s y s te m  o f  q u a l i t a t i v e  a n a l y s i s  can  be fo rm ed .  S u c c ess  i s
i n  l a r g e  m e a su re  due t o  t h e  s k i l l  shown i n  t h e  s e l e c t i o n
and a r r a n g e m e n t  o f  t h e s e  s t o c k  p r o c e d u r e s .
A s t u d y  o f  some o f  t h e  schemes p u b l i s h e d ,  l e a d s  t o  
t h e  f o r m u l a t i o n  o f  t h e  f o l l o w i n g  l i s t  o f  r e q u i r e m e n t s  
n e c e s s a r y  f o r  t h e  d eve lop m en t  o f  t h e  i d e a l  c l a s s i c a l  q u a l i ­
t a t i v e  scheme:
1 . g ro u p  p r e c i p i t a t i o n s  s h o u l d  be q u a n t i t a t i v e ,
i . e . ,  any one io n  s h o u l d  be found  i n  o n ly  
one g r o u p .
2 . e a c h  o f  t h e  g ro u p  p r e c i p i t a n t s  s h o u l d  r e a c t  w i t h
a p p r o x i m a t e l y  t h e  same number o f  m e t a l s ,
i . e . ,  t h e r e  s h o u l d  n o t  be a d i s p r o p o r t i o n ­
a t e  s h a r e  o f  io n s  i n  any one g r o u p .
3 .  g ro u p  p r e c i p i t a t i o n s  s h o u l d  n o t  i n t e r f e r e  w i t h
s u b s e q u e n t  c o n f i r m a t o r y  t e s t s  w i t h i n  t h e  
g r o u p .
4 .  r e a g e n t s  s h o u ld  be s t a b l e  and r e l a t i v e l y  i n e x ­
p e n s i v e .
5 .  i o n s  s u s c e p t i b l e  t o  h y d r o l y s i s  o r  p r e c i p i t a t i o n
d u r i n g  pH changes  s h o u l d  be s e p a r a t e d  as 
e a r l y  i n  t h e  scheme as  p o s s i b l e .
The f i r s t  c o m p l e t e l y  s u l f i d e - f r e e  scheme was p r o p o s e d  
i n  1867 ( 9 0 ) .  D i v i s i o n  i n t o  t h e  m a jo r  g ro u p s  was
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a c c o m p l i s h e d  w i t h  h y d r o c h l o r i c  a c i d ,  s u l f u r i c  a c i d  and 
m e t a l l i c  z i n c  i n  an a c i d i c  medium.
P r o b a b l y  t h e  most  w i d e ly  u se d  n o n - s u l f i d e  scheme i s  
t h e  one  p u b l i s h e d  i n  1953 by W est ,  Vick and LeRosen ( 8 6 ) .  
Some o f  t h e  a d v a n t a g e s  c la im e d  f o r  t h i s  scheme a r e :  g roup  
s e p a r a t i o n s  a r e  q u a n t i t a t i v e ,  t h e  p r o c e d u r e  i s  r a p i d ,  no 
t o x i c  fumes a r e  g e n e r a t e d ,  r e s u l t s  o b t a i n e d  a r e  a s  good as  
t h o s e  w i t h  s u l f i d e  s e p a r a t i o n s  and t h e  scheme i s  p e d a g o g i -  
c a l l y  so u n d .  Group p r e c i p i t a n t s  u se d  a r e  h y d r o c h l o r i c  
a c i d ,  ammonium b e n z o a t e  and sodium b e n z o a t e ,  ammonium 
f l u o r i d e ,  and sodium h y d r o x i d e .  A l th o u g h  t h e r e  seems t o  
be a s l a c k e n i n g  o f  t h e  f e v e r i s h  a c t i v i t y  t h a t  c h a r a c t e r i z e d  
q u a l i t a t i v e  a n a l y s i s  f o r  some t i m e ,  i n t e r e s t  has  n o t  d i e d  
c o m p l e t e l y .  R e c e n t l y  t h e r e  have been  s e v e r a l  a t t e m p t s  t o  
d e v e l o p  q u a l i t a t i v e  schemes i n  w h ich  t h e  g ro u p s  and s u b ­
g ro u p s  a r e  o r d e r e d  a s  t h e y  a r e  i n  t h e  p e r i o d i c  t a b l e .  One 
s u c h  r e c e n t  scheme i s  t h a t  o f  R ic h  (6 2 )  i n  w h ic h  t h e  
h e x a c y a n o c o b a l t a t e  ( I I I )  i o n  i s  u t i l i z e d  as  a  g ro u p  p r e ­
c i p i t a n t  and a  t h i o u r e a  h y d r o l y s i s  a c t s  as a s o u r c e  o f  
s u l f i d e  i o n s .  T i t a n iu m  and u ran iu m  a r e  i n c l u d e d  i n  t h i s  
scheme a lo n g  w i t h  t h e  u s u a l  m e t a l s .
S w i f t  and S c h a e f e r  (7 2 )  have d e v e lo p e d  a q u a l i t a t i v e  
scheme i n  w h ic h  t h e  e l e m e n t s  a r e  d i v i d e d  i n t o  t h r e e  m a jo r  
g r o u p i n g s  b a sed  upon t h e  b a s i c ,  a m p h o t e r i c  o r  a c i d i c  
p r o p e r t i e s  o f  t h e  e l e m e n t s .  T h is  i s  a  more e l a b o r a t e  
u n d e r t a k i n g  t h a n  t h e  c o n v e n t i o n a l  q u a l i t a t i v e  scheme s i n c e ,  
i n  a c t u a l  f a c t ,  i t  i s  a combined c a t i o n  and a n i o n  scheme.
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I t  i n c l u d e s  t i t a n i u m  and vanadium a lo n g  w i t h  t h e  t r a d i t i o n ­
a l  m e t a l s  and a l s o  p r o v i d e s  means o f  d e t e c t i n g  most  o f  t h e  
common a n i o n s .
I n  t e r m s  o f  c o m p l e t e n e s s ,  r e f e r e n c e  has t o  be made t o  
t h e  c l a s s i c a l  work o f  Noyes and Bray (5 6 )  p u b l i s h e d  i n  
1927. T h is  scheme i n c o r p o r a t e s  p r o c e d u r e s  f o r  t h e  s e p a ­
r a t i o n  and i d e n t i f i c a t i o n  o f  s i x t y - f i v e  m e t a l s .  A l l  
m ethods  a r e  b a se d  on c l a s s i c a l  i n o r g a n i c  c h e m ic a l  r e ­
a c t i o n s .  T h e re  a r e  no s p o t  t e s t s  o r  s y n t h e t i c  o r g a n i c  
a n a l y t i c a l  r e a g e n t s  u s e d .
The h i s t o r y  o f  s p o t  t e s t  a n a l y s i s  can be d a t e d  from 
t h e  f i r s t  s p o t  t e s t  r e a c t i o n  (4 5 )  d e v e lo p e d  by P l i n i u s  
(2 3 -7 9  A. D .)  w h ic h  was u s e d  t o  d e t e c t  t h e  p r e s e n c e  o f  
f e r r o u s  s u l f a t e  i n  v e r d i g r i s .  He u s e d  a  p a p e r  im p r e g n a t e d  
w i t h  n u t  g a l l ,  w h ic h  was b l a c k e n e d  when p l a c e d  i n  c o n t a c t  
w i t h  t h e  s u b s t a n c e  c o n t a i n i n g  i r o n .
C a s s i u s  ( 4 5 )  i n  1632 d e v e lo p e d  a method  f o r  t h e  d e ­
t e c t i o n  o f  g o l d  b a se d  upon t h e  p r o d u c t i o n  o f  a s o l u t i o n  o f  
c o l l o i d a l  g o l d  and t i n  h y d r o x i d e  by t h e  t r e a t m e n t  o f  a u r i c  
c h l o r i d e  w i t h  s t a n n o u s  c h l o r i d e .  T h is  i s  t h e  " P u r p l e  o f  
C a s s i u s "  t e s t .
T a c h e n iu s  found  i n  1666 t h a t  a  d r o p  o f  a m i x t u r e  o f  
g o l d  s o l u t i o n  w i t h  t i n c t u r e  o f  n u t  g a l l ,  when p l a c e d  upon 
p a p e r ,  p r o d u c e d  a m e t a l l i c  s p o t .  He a l s o  a t t a c h e d  v a l u e  t o  
c e r t a i n  r e a c t i o n s  as  t e s t s  f o r  d i f f e r e n t  s u b s t a n c e s .  In  
a d d i t i o n ,  he s t r e s s e d  t h e  i m p o r t a n c e  o f  d i s t i n g u i s h i n g  
p r e c i p i t a t e s  by t h e i r  c o l o r s  ( 4 5 ) .
One o f  t h e  e a r l i e s t  p u b l i s h e d  r e c o r d s  o f  t h e  u s e  o f  
s p o t  t e s t  m ethods  a p p e a r e d  i n  a p a p e r  by S c h i f f  ( 6 8 ) i n  
1859. He u s e d  f i l t e r  p a p e r  i m p r e g n a t e d  w i t h  s i l v e r  c a r b o n ­
a t e  t o  d e t e c t  u r i c  a c i d  i n  u r i n e .  A d r o p  o f  t h e  sam ple  
p ro d u c e d  a brown f l e c k  o f  f r e e  s i l v e r .  T h is  a p p e a r s  t o  be 
t h e  e a r l i e s t  p r e c i s e  d e s c r i p t i o n  o f  a s p o t  t e s t ,  b e c a u s e  
t h e  g r e a t  s e n s i t i v i t y  o f  t h i s  r e a c t i o n  was d e t e r m i n e d  i n  
t h e  same manner as  i s  p r e s e n t l y  d o n e ,  i . e . ,  by t e s t i n g  a 
s e r i e s  o f  d i l u t e  s o l u t i o n s  o f  u r i c  a c i d .
The f u n d a m e n ta l  work f o r  t h a t  p o r t i o n  o f  s p o t  t e s t  
a n a l y s i s  i n  w h ich  f i l t e r  p a p e r  i s  u s e d  a s  t h e  r e a c t i o n  
medium i s  found  i n  a s t u d y  by Sch o nb e in  (7 0 )  i n  1861. He
showed t h a t  when aqueous  s o l u t i o n s  r i s e  i n  s t r i p s  o f  
f i l t e r  p a p e r ,  t h e  w a t e r  p r e c e d e s  t h e  d i s s o l v e d  m a t e r i a l ,  
and t h e  r e l a t i v e  h e i g h t  o f  t h e  c a p i l l a r y  r i s e  o f  s o l u t e s  
can  d i f f e r  enough t o  make p o s s i b l e  t h e  d e t e c t i o n  o f  t h e  
c o s o l u t e s  i n  s e p a r a t e  z o n e s .  These  o b s e r v a t i o n s  gave 
im p e tu s  t o  t h e  c l a s s i c  s t u d i e s  o f  G o p p e l s r o e d e r  (1 8 6 1 -  
1 9 0 7 ) ,  w h ich  were  c o m p i le d  i n  h i s  K a p i l l a r a n a l y s e ,
p u b l i s h e d  i n  1910. He made a v e r y  e x t e n s i v e  s t u d y  o f  t h e
c a p i l l a r y  r i s e  o f  s o l u t i o n s  and t h e  c a p i l l a r y  s p r e a d i n g  o f  
d r o p s  o f  s o l u t i o n  i n  f i l t e r  p a p e r .  He a l s o  i n v e s t i g a t e d  
t h e  a n a l y t i c a l  u s e  o f  t h e s e  e f f e c t s ,  p a r t i c u l a r l y  i n  t h e  
e x a m i n a t i o n  o f  o r g a n i c  l i q u i d s ,  d i s s o l v e d  compounds, and 
d y e s .  His p u b l i c a t i o n s  a l s o  c o n t a i n  r e f e r e n c e s  t o  t h e  
c a p i l l a r y  s p r e a d i n g  o f  i n o r g a n i c  s a l t s .  A l a r g e  mass o f  
s t a t i s t i c a l  m a t e r i a l  was c o l l e c t e d  on t h e  h e i g h t s  and
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r a t e s  o f  a s c e n t  o f  o r g a n i c  l i q u i d s  and s o l u t i o n s  o f  o r ­
g a n i c  l i q u i d s  and s o l u t i o n s  o f  o r g a n i c  compounds, i n  
s t r i p s  o f  f i l t e r  p a p e r  and o t h e r  f i b r o u s  c a p i l l a r y  m e d ia .
He d e m o n s t r a t e d  t h a t  t h e  c h a r a c t e r i s t i c  d a t a  f u r n i s h e d  by 
t h e s e  sy s te m s  a r e  d e p e n d e n t  on t h e  n a t u r e  o f  t h e  s o l u t e s ,  
t h e i r  c o n c e n t r a t i o n ,  t h e  c a p i l l a r y  medium, t h e  t e m p e r a t u r e ,  
and t h e  p e r i o d  o f  t h e  c a p i l l a r y  r i s e .  He c o in e d  t h e  t e rm  
" c a p i l l a r y  a n a l y s i s "  f o r  t h e  a n a l y t i c a l  u t i l i z a t i o n  o f  t h e  
c a p i l l a r y  p i c t u r e s  p r o d u c e d  by t h e  s p r e a d i n g  t h r o u g h  f i l t e r  
p a p e r  o f  l i q u i d s  o r  s o l u t i o n s .
Bayley  ( 5 )  d e s c r i b e d  a method o f  a n a l y s i s  i n  w h ic h  a 
d ro p  o f  s o l u t i o n  was p l a c e d  upon f i l t e r  p a p e r ,  and con ­
c e n t r i c  r i n g s  o f  v a r y i n g  c o n c e n t r a t i o n s  o f  s u b s t a n c e s  w ere  
fo rm ed .  He showed t h a t  t h i s  phenomenon d ep ended  upon t h e  
c o n c e n t r a t i o n  and n a t u r e  o f  t h e  d i s s o l v e d  m a t e r i a l ,  as 
w e l l  as on t h e  t y p e  o f  p a p e r  em ployed .  Us ing  t h i s  t e c h ­
n i q u e ,  he d e s c r i b e d  a m ethod  f o r  t h e  d e t e c t i o n  o f  cadmium 
i n  t h e  p r e s e n c e  o f  c o p p e r .  T h a t  t h e r e  i s  a  l i m i t i n g  
d i s t a n c e  o f  t r a v e l  on t h e  p a p e r  f o r  a d i s s o l v e d  s u b s t a n c e  
was n o t e d  i n  1885 by L lo y d .
Reed (6 1 )  n o t e d  t h a t  t h e  zones  c o r r e s p o n d i n g  t o  t h e  
s e p a r a t i o n  o f  t h e  s o l u t e s ,  was due  t o  t h e i r  d i f f e r e n t  
c a p i l l a r y  m i g r a t i o n  v e l o c i t i e s .  He a l s o  r e c o g n i z e d  t h e  
d ep en d e n ce  o f  t h e s e  phenomena upon t h e  c o n c e n t r a t i o n  o f  t h e  
s o l u t i o n .  ~
T rey  (76 )  was t h e  f i r s t  t o  show t h a t  i t  i s  p o s s i b l e ,  
i n  a  s y s t e m a t i c  a n a l y s i s ,  t o  d e t e c t  two e l e m e n t s  i n  t h e
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p r e s e n c e  o f  one a n o t h e r  t h r o u g h  a d s o r p t i o n .  He found  t h a t  
i n  an ammoniacal  s o l u t i o n ,  c o n t a i n i n g  c o p p e r  and cadmium, 
t h e  cadmium forms t h e  o u t e r  r i n g  and may be d e t e c t e d  by 
t r e a t m e n t  w i t h  ammonium s u l f i d e .
K r u l l a  (4 6 )  p r o p o s e d  an i n t e r e s t i n g  method o f  a n a l y ­
s i s  b a se d  upon c a p i l l a r i t y .  He found  t h a t  when s o l u t i o n s  
o f  s a l t  m i x t u r e s  c o n t a i n i n g  d i f f e r e n t  i o n s  w ere  a l lo w e d  t o  
r i s e  i n  f i l t e r  p a p e r  s t r i p s ,  e a c h  component was a d s o rb e d  
t o  t h e  same e x t e n t  as i f  a l o n e  i n  t h e  s o l u t i o n .  The 
a d d i t i o n  o f  s i m i l a r  i o n s ,  ho w ev er ,  c a u se d  a r e p r e s s i o n  o f  
t h e  c a p i l l a r i t y  o f  t h e  io n  i n  q u e s t i o n .  T h is  f a c t  was 
u s e d  i n  t h e  f o l l o w i n g  m ethod :  t o  t h e  s o l u t i o n  t o  be 
t e s t e d ,  d i f f e r e n t  i o n s  were  added as  lo n g  as a d i s t i n c t  
d e c r e a s e  i n  c a p i l l a r i t y  o c c u r r e d .  Each i o n  w h ic h  c a u se d  
t h i s  d e c r e a s e  w a s ,  t h e r e f o r e ,  shown t o  be p r e s e n t  i n  t h e  
t e s t  s o l u t i o n .  E x t e n s i v e  i n v e s t i g a t i o n s  o f  t h e  h e i g h t s  t o  
w h ic h  s o l u t i o n s  o f  s a l t s  r o s e  i n  f i l t e r  p a p e r  were  made by 
Skraup  and c o -w o r k e r s  ( 7 1 ) .  They d e t e r m i n e d  a r e l a t i o n ­
s h i p  t o  v a r i o u s  c h e m ic a l  and p h y s i c a l  f a c t o r s ,  s u c h  as 
d i s s o c i a t i o n  and h y d r o l y s i s ,  as w e l l  as t h e  t e m p e r a t u r e  o f  
t h e  s o l u t i o n  and t h e  a s h  c o n t e n t  o f  t h e  p a p e r .  S a l t s  were  
p l a c e d  i n  two c l a s s e s  w i t h  r e s p e c t  t o  t h e i r  b e h a v i o r  t o ­
ward f i l t e r  p a p e r .  The f i r s t  c l a s s  c o n t a i n e d  t h e  a l k a l i  
and a l k a l i n e  e a r t h  s a l t s ,  t h e  s e co n d  c o n s i s t e d  o f  t h e  
heavy  m e t a l  and aluminum s a l t s  and a l s o  complex s a l t s .  
W hile  t h e  s a l t s  o f  t h e  f i r s t  c l a s s  i n  aqueous s o l u t i o n s  
r o s e  a lm o s t  as h i g h  as  t h e  s o l v e n t  and were  i n d e p e n d e n t  o f
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c o n c e n t r a t i o n  w i t h  r e s p e c t  t o  h e i g h t  o f  a s c e n t  and a d ­
s o r p t i o n ,  t h o s e  o f  t h e  s e co n d  c l a s s  d i d  n o t  r i s e  a s  h i g h  
as t h e  w a t e r ,  and t h e  h e i g h t  d e c r e a s e d  w i t h  i n c r e a s i n g  
d i l u t i o n .  C a t i o n s  o f  a s i m i l a r  n a t u r e  r o s e  t o  a b o u t  t h e  
same h e i g h t .
The h i s t o r y  o f  t h e  s t u d y  o f  c a p i l l a r y  phenomena i s  
i m p o r t a n t  b e c a u s e  o f  t h e  im p e tu s  g i v e n  t o  t h e  d ev e lo p m e n t  
o f  s p o t  t e s t  a n a l y s i s  by t h e s e  i n v e s t i g a t i o n s .
Due t o  t h e  e x t r e m e  i m p o r t a n c e  o f  t h e  d i s c o v e r y  o f  t h e  
a n a l y t i c a l  u t i l i t y  o f  o r g a n i c  r e a g e n t s  t o  t h e  d e v e lo p m e n t  
o f  s p o t  t e s t  m e th o d s ,  some m e n t i o n  i s  due i n  t h i s  r e g a r d .
Many books r e f e r  t o  d i m e t h y lg l y o x i m e  as t h e  f i r s t  
o r g a n i c  a n a l y t i c a l  r e a g e n t .  D im e th y lg ly o x im e  was i n t r o ­
duced  by T s c h u g a e f f  i n  1905 ( 7 7 ) .  In  f a c t ,  t h e  f i r s t  
a n a l y t i c a l  r e a g e n t  o f  w h ich  t h e r e  i s  a w r i t t e n  r e c o r d ,  t h e  
g a l l n u t  e x t r a c t  l i q u i d ,  i s  an o r g a n i c  r e a g e n t .  T h e re  were  
s e v e r a l  o t h e r  o r g a n i c  r e a g e n t s  i n  u s e  b e f o r e  d i m e t h y l ­
g ly o x im e :  o x a l i c  a c i d ,  t a r t a r i c  a c i d ,  and s t a r c h  b e in g  
w o r th y  o f  m e n t i o n .
When o r g a n i c  a n a l y t i c a l  r e a g e n t s  a r e  r e f e r r e d  t o ,  i t  
i s  u s u a l l y  t h e  s y n t h e t i c  and n o t  t h e  n a t u r a l l y  o c c u r r i n g  
ones  t h a t  a r e  b e i n g  c o n s i d e r e d .
The G r i e s s  r e a g e n t  can  be r e g a r d e d  as t h e  f i r s t  s p e ­
c i f i c  o r g a n i c  r e a g e n t .  I t  was recommended f o r  t h e  
d e t e c t i o n  o f  n i t r i t e  i n  1879 ( 3 2 ) .  d C - N i t r o s o -  j i - n a p h t h o l  
was recommended i n  1885 by I l i n s k i  and K n o rre  f o r  t h e  d e ­
t e r m i n a t i o n  o f  c o b a l t  ( 4 1 ) .  T h is  was t h e  f i r s t  s y n t h e t i c
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o r g a n i c  r e a g e n t  t o  be u se d  i n  g r a v i m e t r i c  a n a l y s i s .
The number o f  o r g a n i c  r e a g e n t s  i n c r e a s e d  t r e m e n d o u s ly  
w i t h  t h e  a p p e a r a n c e  o f  t h e  f i r s t  r e a g e n t s .  D i p h e n y l c a r b a -  
z i d e  ( 1 9 0 0 ) ,  b e n z i d i n e  (1 90 3 )  and c u p f e r r o n  (1909)  were  
some o f  t h e  f i r s t  i m p o r t a n t  r e a g e n t s  t o  a p p e a r .
S i n c e  1918 F e i g l  and h i s  c o -w o rk e r s  have been  a p ­
p l y i n g  t h e s e  s p e c i a l  t e c h n i q u e s  and t h e  u s e  o f  s e l e c t i v e  
and s p e c i f i c  r e a c t i o n s  t o  t h e  a n a l y s i s  o f  c a t i o n s  and 
a n io n s  and t o  many o r g a n i c  compounds. A s p e c i f i c  r e a c t i o n  
has  been  d e f i n e d  as  a r e a c t i o n  w h ic h ,  u n d e r  t h e  e x p e r i ­
m e n t a l  c o n d i t i o n s  em ployed ,  i s  i n d i c a t i v e  o f  o n ly  one 
c h e m ic a l  s p e c i e s ;  w h i l e  t h o s e  i n d i c a t i v e  o f  a c o m p a r a t i v e l y  
s m a l l  number o f  s u b s t a n c e s  a r e  t e rm ed  s e l e c t i v e  r e a c t i o n s  
( 1 8 ) .
The s p o t  t e s t  method has  been u s e d  i n  t h e  s y s t e m a t i c  
i n v e s t i g a t i o n  o f  m i x t u r e s .  In  1921,  F e i g l  and S t e r n  (2 1 )  
u t i l i z e d  s p o t  t e s t s  i n  t h e  c o n f i r m a t i o n  o f  t h e  ammonia and 
ammonium s u l f i d e  g ro up  o f  c a t i o n s ,  i . e . ,  F e ( I I I ) ,  C r ( I I I ) ,  
A l ( I I I ) ,  N i ( I I ) ,  Co( I I ) ,  M n ( I I ) ,  Z n ( I I ) ,  and U(VI) .  In  a 
l a t e r  p a p e r  ( 2 0 ) ,  s p o t  t e s t s  w e re  u se d  i n  t h e  d e t e c t i o n  o f  
t h e  m e t a l s  o f  t h e  h y d ro g e n  s u l f i d e  g r o u p .
H ause r  (3 5 )  i n  1921 was t h e  f i r s t  t o  s u g g e s t  t h e  u se  
o f  s p o t  t e s t  m ethods  f o r  s y s t e m a t i c  a n a l y s i s .  He u s e d  t h e  
t e s t s  d e s c r i b e d  by F e i g l  and S t e r n  f o r  t h e  a n a l y s i s  o f  t h e  
i o n s  i n  Group I I I  o f  t h e  h yd ro g en  s u l f i d e  s y s te m .
T a n a n a e f f  i n  t h e  1 9 2 0 ' s  d e v i s e d  many m ethods  f o r  t h e  
s i m u l t a n e o u s  d e t e c t i o n  o f  v a r i o u s  m e t a l s .  He p u b l i s h e d  t h e
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f i r s t  book on s p o t  t e s t  methods i n  1927.
In  1929,  schemes were  p u b l i s h e d  by G u t z e i t  ( 3 3 ) ,  and 
by H e l l e r  and Krumholz ( 3 8 ) .  The l a t t e r  scheme u s e d  t h e  
f a m i l i a r  g r o u p s  o f  t h e  F r e s e n i u s  s y s te m  o f  d e t e c t i o n .  In  
a l l ,  f i f t e e n  c a t i o n s  were  d e t e c t e d  a f t e r  d i v i s i o n  i n t o  HC1, 
H2 S and  ( N f y ^ S  g r o u p s .  Both p a p e r  and p o r c e l a i n  s p o t  
p l a t e s  w e re  u s e d  as  r e a c t i o n  m ed ia .  The most  a m b i t io u s  
work o f  t h i s  f l e d g l i n g  t e c h n i q u e  was t h a t  o f  G u t z e i t  who 
i n t r o d u c e d  s e v e r a l  new i n n o v a t i o n s .  A dherence  t o  t h e  
c l a s s i c a l  mode o f  s e p a r a t i o n  was abandoned  and d i v i s i o n  
i n t o  g ro u p s  was b a se d  s o l e l y  on s o l u b i l i t y  p r i n c i p l e s .
The s p o t  t e s t s  were  t h e n  p e r fo rm e d  on t h e  i n d i v i d u a l  io n s  
w i t h i n  t h e s e  g ro u p s  w i t h o u t  p r i o r  s e p a r a t i o n .  In  a d d i ­
t i o n ,  G u t z e i t  was t h e  f i r s t  t o  i n c l u d e  a n io n s  i n  a 
d e t e c t i o n  schem e.  P r a c t i c a l l y  a l l  o f  t h e  common a n io n s  
w e re  i n c l u d e d .
S h o r t l y  t h e r e a f t e r ,  p r a c t i c a l  u s e  was made o f  t h i s  
p i o n e e r i n g  work when a scheme (3 6 )  was d e v e lo p e d  f o r  t h e  
a n a l y s i s  o f  t h e  common m e t a l s  u s u a l l y  found  i n  a l l o y s .  By 
u s i n g  t h i s  t e c h n i q u e  i t  was c la im e d  t h a t  o n l y  o n e - f i f t i e t h  
o f  t h e  q u a n t i t y  o f  sample  r e q u i r e d  f o r  m a c r o a n a ly s e s  was 
n e e d e d  and t h e  p r o c e d u r e  r e q u i r e d  o n l y  o n e - f o u r t h  as  much 
t i m e .
Van Nieuwenburg  ( 7 9 )  a l t h o u g h  r e v e r t i n g  t o  t h e  u s u a l  
q u a l i t a t i v e  scheme ty p e  o f  s e p a r a t i o n  d i d  p r e s e n t  a com­
p l e t e  scheme o f  d e t e c t i o n  f o r  a l l  o f  t h e  common c a t i o n s  and 
a n i o n s .  T h is  scheme was d e v e lo p e d  p r i m a r i l y  f o r
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p e d a g o g i c a l  p u r p o s e s .
In  more r e c e n t  t i m e s ,  t h e  m ost  c o m p re h e n s iv e  u s e  o f  
s p o t  t e s t  methods i n  a  s y s t e m a t i c  scheme was t h e  work o f  
M i l l e r  ( 5 3 ) .  U t i l i z i n g  t h e  se m im ic ro  Noyes and Bray 
schem e,  l i b e r a l  u s e  was made o f  s p o t  t e s t s  as c o n f i r m a t o r y  
t e s t s .  L i k e w i s e ,  P a rk s  (5 7 )  u s i n g  a m o d i f i e d  Noyes and 
Bray s y s te m  employed t h e  s p o t  t e s t  t e c h n i q u e  i n  c o n f i r m a ­
t o r y  t e s t s .
A book has  been  w r i t t e n  ( 8 ) w h ic h  g i v e s  m ethods  o f  
d e t e c t i o n  f o r  c a t i o n s  w i t h  s p o t  t e s t  m e th o d s .  T e s t s  a r e  
g i v e n  f o r  t h e  d e t e c t i o n  o f  e a c h  m e t a l  i n  t h e  p r e s e n c e  o f  
one  h u n d re d  t o  one t h o u s a n d  t im e s  l a r g e r  q u a n t i t i e s  o f  any 
o t h e r  m e t a l  o r  c o m b i n a t i o n  o f  m e t a l s .
The u s e  o f  s p o t  t e s t s  f o r  d e t e c t i o n  p u r p o s e s  i s  admi­
r a b l y  s u i t e d  t o  t h e  r i n g  oven t e c h n i q u e  o f  Weisz ( 8 1 ) .  
U n s u r p a s s e d  f l e x i b i l i t y  can be a c h i e v e d  i n  t h e  c h e m ic a l  
s e p a r a t i o n  o f  complex  m i x t u r e s  u s i n g  t h e  s e p a r a t o r y  c a p a ­
b i l i t i e s  o f  t h e  r i n g  oven i t s e l f  combined w i t h  p r i o r  s e p a ­
r a t o r y  t e c h n i q u e s ,  e . g . ,  s o l v e n t  e x t r a c t i o n .  A scheme f o r  
t h e  s e p a r a t i o n  and i d e n t i f i c a t i o n  o f  t h i r t y - f i v e  i o n s  i n  a 
s i n g l e  d r o p  o f  unknown u s i n g  a c o m b i n a t i o n  o f  t h e  s o l v e n t  
e x t r a c t i o n  and  r i n g  oven  t e c h n i q u e s  has  b een  d e v e l o p e d  
( 8 5 ) .  S u c c e s s i v e  e x t r a c t i o n s  o f  t h e  m e t a l s  i n t o  v a r i o u s  
o r g a n i c  s o l v e n t s  as  c h l o r i d e s ,  t h i o c y a n a t e s , a c e t y l a c e t o -  
n a t e s ,  and d i e t h y l d i t h i o c a r b a m a t e s  e f f e c t s  s e p a r a t i o n s  i n t o  
f o u r  g r o u p s .  F u r t h e r  s e p a r a t i o n  o f  e a c h  g ro u p  i s  t h e n  a c ­
c o m p l i s h e d  t h r o u g h  u s e  o f  t h e  r i n g  o ven .  A f i f t h  g ro u p
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c o n s i s t s  o f  t h e  aqueous  s o l u t i o n  o f  t h e  r e s i d u a l  i o n s .  
I n d i v i d u a l  c o n f i r m a t o r y  t e s t s  a r e  a p p l i e d  t o  t h e  s e p a r a t e d  
i o n s .
At one t im e  i n  t h e  d ev e lo pm en t  o f  s p o t  t e s t  a n a l y s i s  
i t  was f e l t  t h a t  t h e  u l t i m a t e  g o a l  s h o u l d  be t h e  d i s c o v e r y  
o f  a s p e c i f i c  r e a g e n t  f o r  e v e r y  i o n i c  s p e c i e s .  Some s p e ­
c i f i c  r e a g e n t s  have  been  f o u n d .  But w i t h  t h e  g ro w th  o f  
s p o t  t e s t  a n a l y s i s  came a d e e p e r  u n d e r s t a n d i n g  o f  t h e  
n a t u r e  o f  c o o r d i n a t i o n  and c h e l a t i o n  and t h e  s u b s e q u e n t  
r e a l i z a t i o n  t h a t  t h i s  would be an u n a t t a i n a b l e  i d e a l .
More i m p o r t a n t l y ,  i t  was r e a l i z e d  t h a t  by j u d i c i o u s  c h o ic e  
o f  pH, s o l v e n t ,  co m p lex in g  a g e n t ,  m ask ing  a g e n t ,  r e d o x  
p o t e n t i a l ,  o x i d a t i o n  s t a t e  and r e a c t i o n  m e d ia ,  s p e c i f i c  
r e a c t i o n  c o n d i t i o n s  c o u ld  be a t t a i n e d .  Hence t h e  t r e n d  
t o d a y  i s  t o  s e e k  a c o n d i t i o n e d  r e a c t i o n  t o  a c h i e v e  s p e c i ­
f i c i t y .  At t h e  o p p o s i t e  end o f  t h e  s p e c t r u m ,  from t h e  
c o n c e p t  o f  a  s p e c i f i c  r e a g e n t  f o r  e v e r y  d e t e c t a b l e  
s p e c i e s ,  i s  t h e  i d e a  o f  a s i n g l e  r e a g e n t  c a p a b l e  o f  d e ­
t e c t i n g  a l l  c a t i o n i c  s p e c i e s .  I t  i s  r e p o r t e d  t h a t  
l - a m i n o a n t h r a q u i n o n e - 2 - c a r b o x y l i c  a c i d  r e a c t s  w i t h  ’' a l l  
c a t i o n s ” w i t h  t h e  e x c e p t i o n  o f  p o t a s s i u m ,  sod iu m ,  l i t h i u m  
and ammonium i o n  t o  form r e d  i n s o l u b l e  s a l t s  ( 1 2 ) .  F i s h e r  
( 2 2 )  u se d  d i t h i z o n e  w i t h  pH a l t e r a t i o n ,  m ask ing  w i t h  c y a ­
n i d e  and e x t r a c t i o n  i n t o  o r g a n i c  s o l v e n t s  t o  s e p a r a t e  and 
i d e n t i f y  many c a t i o n s .  A n o th e r  " u n i v e r s a l  r e a g e n t ” i s  
composed o f  a m i x t u r e  o f  r u b e a n i c  a c i d  and t r i s o d i u m  
p e n t a c y a n o a m m in o f e r r a t e  ( I I I ) .  T h is  m i x t u r e  forms c o l o r e d
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s a l t s  i n s o l u b l e  i n  a c e t i c  a c i d  w i t h  t w e n t y - t h r e e  m e t a l  i o n s  
( 3 4 ) .
D e s p i t e  t h e  r a p i d  d e v e lo p m e n t  o f  modern i n s t r u m e n t a l  
m ethods  o f  d e t e c t i o n  and d e t e r m i n a t i o n  t h e r e  i s  s t i l l  n eed  
f o r  r a p i d ,  s e n s i t i v e  and d e p e n d a b le  means o f  d e t e c t i o n  
u s i n g  l e s s  e x p e n s i v e  m eans .  The s p o t  t e s t  m ethod i s  an 
i m p o r t a n t  means t o w a r d  t h i s  e n d .
T h rou g h o u t  a l l  o f  t h e s e  p r e v i o u s l y  m e n t io n e d  s c h em e s ,  
i t  w i l l  be n o t i c e d  t h a t  i n  e v e r y  c a s e  t h e  s p o t  t e s t s  were  
u s e d  as  i n d i v i d u a l  t e s t s .  T h e r e f o r e ,  as an e x t e n s i o n  o f  
t h i s  t e c h n i q u e  o f  i n d i v i d u a l  t e s t  r e a c t i o n s ,  i t  was f e l t  
t h a t  a  r a p i d ,  s u r v e y  scheme o f  d e t e c t i o n  u s i n g  s p o t  t e s t  
m ethods  would  f u l f i l l  a  d e f i n i t e  n e e d .  I n  t h i s  s y s te m  of  
a n a l y s i s ,  em p h as is  would  be on d e t e c t i o n  by g ro u p s  o f  i o n s  
r a t h e r  t h a n  i n d i v i d u a l  i o n s .  T h is  e x p l o r a t o r y  o r  s u r v e y  
scheme would s e r v e  as a v a l u a b l e  s o u r c e  o f  i n f o r m a t i o n  i n  
a  f i r s t  e x a m i n a t i o n  o f  an unknown. The v a l u e  o f  s u c h  a 
scheme m ig h t  c o n c e i v a b l y  l i e  more i n  t h e  k n o w ledg e  o f  what  
i s  n o t  p r e s e n t  i n  t h e  m a t e r i a l  r a t h e r  t h a n  what  i s  p r e s e n t .
Work a lo n g  t h e s e  l i n e s  was r e p o r t e d  ( 6 ) i n  1957 by 
B e rg e r  and E l v e r s .  The sa m p le  was m ixed  w i t h  ammonia- 
ammonium c h l o r i d e  b u f f e r  and  E r io c h ro m e  B lack  T i n d i c a t o r .  
The e f f e c t s  o f  t h e  a d d i t i o n  o f  KCN, sod ium  d i e t h y l d i t h i o -  
c a r b a m a te  and d i s o d i u m  EDTA w ere  o b s e r v e d .  The sa m p le  was 
t h e n  m ixed  w i t h  sod ium  a c e t a t e - a c e t i c  a c i d  b u f f e r  and 
E r io c h ro m e  C yan ine  R i n d i c a t o r  and t h e  e f f e c t s  o f  KCN, 
sod ium  d i e t h y l d i t h i o c a r b a m a t e , d i s o d i u m  s a l t  o f  EDTA,
f o r m a ld e h y d e  and magnesium s a l t  o f  EDTA were  o b s e r v e d .  
Twenty m e t a l  i o n s ,  commonly found  i n  t h e  c o n v e n t i o n a l  
q u a l i t a t i v e  schem e,  w ere  i n c l u d e d  i n  t h i s  s t u d y .
I I .  EXPERIMENTAL
A. SAMPLE PREPARATION AND MANIPULATION
One o f  t h e  t r u l y  i m p o r t a n t  a s p e c t s  o f  any a n a l y t i c a l  
p r o c e d u r e  i s  sam p le  p r e p a r a t i o n .  T h is  c o n s i s t s  o f  t h e  
d i s s o l u t i o n  o f  t h e  sam ple  and t h e  c o n v e r s i o n  o f  t h e  d i s ­
s o l v e d  sam ple  i n t o  a form s u i t a b l e  f o r  a p p r o p r i a t e  methods 
o f  d e t e c t i o n  a n d / o r  d e t e r m i n a t i o n .  I t  s h o u l d  be n o t e d  
h e r e ,  t h a t  t r e a t m e n t  p r i o r  t o  a c t u a l  d e t e c t i o n  o f  t h e  
c h e m ic a l  s p e c i e s  i n v o l v e d  has c o n s i d e r a b l e  i m p o r t a n c e  as 
t o  w h e t h e r  t h e  s p e c i e s  i n  q u e s t i o n  can be d e t e c t e d  o r  n o t .  
As an exam ple  o f  t h i s  p o i n t  c o n s i d e r  t h e  f o l l o w i n g .  The 
q u a l i t a t i v e  a n a l y s i s  o f  aluminum i s  d e s i r e d  i n  a complex 
s i l i c a t e .  H y d r o f l u o r i c  a c i d  i s  u s e d  i n  d i s s o l u t i o n  o f  t h e  
s a m p le .  I t  i s  w e l l  known t h a t  aluminum forms t h e  v e r y  
s t a b l e  a n i o n i c  h e x a f l u o r o a l u m i n a t e  complex .  T hus ,  a  d e ­
t e c t i o n  method u s e d  f o r  t h e  s i m p le  A I ( I I I )  i o n  s h o u ld  n o t  
be e x p e c t e d  t o  be s u i t a b l e  f o r  t h e  aluminum i n  t h i s  s a m p le .  
I n d e e d ,  t h e  e x p e d i e n t  o f  a d d in g  co m p lex in g  a g e n t s  t o  e f ­
f e c t i v e l y  remove r e a c t i v e  s p e c i e s  i s  w i d e l y  u s e d  i n  
q u a l i t a t i v e  a n a l y s i s ,  e s p e c i a l l y  s p o t  t e s t  a n a l y s i s .  The 
a d v a n ta g e  h e r e  i s  t h e  e l i m i n a t i o n  o f  s e p a r a t i o n s  w i t h  a c ­
companying l o s s  o f  m a t e r i a l .  S i n c e  o n l y  s m a l l  amounts o f  
d e t e c t a b l e  s u b s t a n c e s  a r e  i n i t i a l l y  p r e s e n t ,  t h i s  i s  a 
v e r y  d e s i r a b l e  a n a l y t i c a l  i n n o v a t i o n .
From t h e  above  d i s c u s s i o n ,  t h e  i m p o r t a n c e  o f  p r o p e r  
sa m p le  p r e p a r a t i o n  s h o u l d  be e v i d e n t .  The f o l l o w i n g
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d i s c u s s i o n  sum m arizes  c u r r e n t  t h i n k i n g  ( 9 ,  87) on sam ple  
d i s s o l u t i o n .  C o n v e r s io n  i n t o  an a p p r o p r i a t e  c h e m ic a l  
s p e c i e s ,  i n c o m p a t i b i l i t y  o f  v a r i o u s  io n s  and means o f  
e l i m i n a t i n g  v a r i o u s  t r o u b le s o m e  a n io n s  a r e  a l s o  c o n s i d e r e d .
SAMPLE DISSOLUTION:
1. I f  t h e  sam ple  i s  s o l u b l e  i n  w a t e r ,  i t  i s  r e a d y
f o r  a n a l y s i s  w i t h o u t  f u r t h e r  t r e a t m e n t .  A 
sam ple  o f  1 0  t o  1 0 0  mg. i n  1 0  m l .  o f  w a t e r  
s h o u l d  g i v e  a  s o l u t i o n  s u f f i c i e n t l y  c o n ce n ­
t r a t e d  f o r  most  a n a l y s e s .
2 .  I f  t h e  sa m p le  i s  i n s o l u b l e  i n  w a t e r ,  i t  may be
d i s s o l v e d  by a t t a c k  w i t h  a c i d s  o r  f u s i o n  
w i t h  sodium c a r b o n a t e  o r  p o t a s s i u m  p y r o -  
s u l f a t e ,  o r  by a c o m b in a t io n  o f  b o t h  t h e s e  
m e t h o d s .
REMOVAL OF ORGANIC MATTER:
Due t o  t h e  c o m p lex in g  a b i l i t y  o f  v a r i o u s  o r g a n i c  
a n io n s  and m o l e c u l e s :  t a r t r a t e ,  c i t r a t e ,  o x a l a t e ,  m a l o n a t e ,  
v a r i o u s  p o ly h y d r o x y  compounds, EDTA; i t  i s  w e l l  t o  remove 
a l l  o r g a n i c  m a t t e r  from t h e  sa m p le .  T h is  i s  e f f e c t i v e l y  
a c c o m p l i s h e d  by d e s t r u c t i v e  o x i d a t i o n .  In  g e n e r a l ,  t h e r e  
a r e  f o u r  m ethods  w h ic h  may be u s e d .
1. c o m b u s t io n  a t  a  r e d  h e a t .  T h is  method e x c l u d e s
a n a l y s i s  f o r  m e r c u r y ,  a r s e n i o u s ,  an t im onous  
and ammonium s a l t s .  I f  c h l o r i d e s  a r e  
p r e s e n t  some i r o n  w i l l  be l o s t .  C e r t a i n  
a c i d s  a r e  e x p e l l e d  and o x i d i z i n g  a g e n t s  
r e d u c e d .  Complete  c o m b u s t io n ,  w i t h o u t  t h e  
u s e  o f  o x i d i z i n g  a g e n t s ,  i s  t h e  method 
recommended t o  m in im iz e  l o s s  and i n v o l v i n g  
t h e  l e a s t  change  o f  t h e  sam ple  m a t e r i a l .
2 . o x i d a t i o n  w i t h  p o t a s s i u m  c h l o r a t e  and  h y d r o ­
c h l o r i c  a c i d .  T h is  method does  n o t  w h o l ly  
remove o r g a n i c  m a t t e r ,  b u t  so  f a r  d i s i n t e ­
g r a t e s  and changes  i t  t h a t  t h e  f i l t r a t e  
w i l l  g i v e  t h e  d e t e c t i o n  t e s t s .  A l l  i o n s
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a r e  o x i d i z e d  t o  t h e i r  h i g h e s t  o x i d a t i o n  
s t a t e .
3.  t h e  a c t i o n  o f  s u l f u r i c  and n i t r i c  a c i d s .  This
m ethod  l e a v e s  b e h in d  m ost  o f  t h e  m e t a l s .  
T h e re  i s  some l o s s  o f  m erc u ry  and a r s e n i c  
i f  c h l o r i d e s  a r e  p r e s e n t  i n  c o n s i d e r a b l e  
q u a n t i t y .  Osmium, r u t h e n u i m ,  and rh en iu m  
may be l o s t  by v o l a t i l i z a t i o n  a s  t h e  
o x i d e s .  The sam ple  i s  f i r s t  h e a t e d  w i t h  
an  e x c e s s  o f  s u l f u r i c  a c i d ,  n i t r i c  a c i d  i s  
t h e n  added i n  s m a l l  p o r t i o n s ,  and t h e  
t e m p e r a t u r e  o f  t h e  m i x t u r e  i s  g r a d u a l l y  
r a i s e d .
4 .  t h e  a c t i o n  o f  n i t r i c  and p e r c h l o r i c  a c i d s .
P r o b a b l y  t h e  b e s t  method  o f  a l l .  Due t o  
t h e  e x p l o s i v e  n a t u r e  o f  h o t ,  c o n c e n t r a t e d  
p e r c h l o r i c  a c i d ,  t h e  i n i t i a l  o x i d a t i o n  
p r o c e s s  must  be c a r r i e d  o u t  w i t h  o n ly  
n i t r i c  a c i d .  In  t h e  f i n a l  s t a g e s  o f  o x i ­
d a t i o n ,  p e r c h l o r i c  a c i d  i s  added  and t h e  
c o m p le t e  d e s t r u c t i o n  o f  o r g a n i c  m a t t e r  i s  
a c c o m p l i s h e d .  In  a d d i t i o n  t o  t h e  r a p i d  
and c o m p le t e  o x i d a t i o n  o f  o r g a n i c  m a t e r i ­
a l s ,  t h i s  method  has an  a d d i t i o n a l  
a d v a n t a g e ,  i . e . , t h e  n i t r a t e  and 
p e r c h l o r a t e  i o n s  have t h e  l e a s t  t e n d e n c y  
t o  complex a s  compared w i t h  any o t h e r  
a n i o n s .  Many v o l a t i l e  weak a c i d s  would be 
d r i v e n  o f f  by t h i s  t r e a t m e n t .  A l l  n i t r i c  
a c i d  may be removed by h e a t i n g  t h e  
p e r c h l o r i c  a c i d  s o l u t i o n  t o  i t s  b o i l i n g  
p o i n t .
C h a r i o t  ( 9 )  p r o p o s e s  t h e  f o l l o w i n g  p r o c e d u r e  when­
e v e r  i n t e r f e r i n g  a n io n s  o r  s t r o n g  o x i d i z i n g  s u b s t a n c e s  a r e  
l i k e l y  t o  be p r e s e n t .  An e x c e s s  o f  h y d r o c h l o r i c  a c i d  i s  
added and t h e  s o l u t i o n  i s  t a k e n  t o  d r y n e s s  i n  a P y re x  
b e a k e r  on a w a t e r  b a t h .  The d ry  r e s i d u e  i s  m o i s t e n e d  w i t h  
c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  and a g a i n  e v a p o r a t e d  t o  
d r y n e s s  on t h e  w a t e r  b a t h .  D u r in g  t h i s  p r o c e s s ,  s i l i c a  i s  
p r e c i p i t a t e d  and a number o f  a c i d s  a r e  d e s t r o y e d  o r  d r i v e n  
o f f .  The a c i d s  d r i v e n  o f f  i n c l u d e :  H0C1, HCIO3 , HBr, HOBr,
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HBr03 , HF, HI, H2 S, H2 S03 , H2 S2 03 , H2 S2 0 g ,  HN02 , HN03 , 
H2 C03 , HCN and HSCN. In  a d d i t i o n  t h e  f o l l o w i n g  o x i d a n t s  
a r e  r e d u c e d :  MnO^~, C ^ O ^ ” 2 , SeO^ ” 2  and TeO^"2 .
The f o l l o w i n g  c h l o r i d e s  may be p a r t i a l l y  o r  c o m p l e t e ­
ly  l o s t  d u r i n g  t h i s  p r o c e d u r e :  AsC13 , HgCl2 , SnCl4 » G e C l^  
I f  t h e  t e s t  s o l u t i o n  c o n t a i n s  s t r o n g  r e d u c t a n t s ,  
b rom ine  i s  removed by warming t h e  s o l u t i o n .
A t e s t  f o r  s t r o n g  r e d u c t a n t s  c o n s i s t s  o f  t h e  f o l l o w ­
i n g :  u s e  a  s o l u t i o n  o f  m e th y le n e  b l u e  i n  0 .1  N HC1. One 
d ro p  o f  t h e  r e a g e n t  and one d ro p  o f  t h e  unknown a r e  p l a c e d  
on a w h i t e  s p o t  p l a t e .  D i s a p p e a r a n c e  o f  t h e  c o l o r  
i n d i c a t e s  t h e  p r e s e n c e  o f  a  r e d u c i n g  a g e n t ,  e . g . ,  S n ( I I ) ,  
T i ( I I I ) , C r ( I I ) , V ( IV ) ,  F e ( I I ) , o r  U(IV) .
The u s e  o f  i o n - e x c h a n g e  r e s i n s  f o r  t h e  p r e p a r a t i o n  
o f  s o l u t i o n s  p r i o r  t o  q u a l i t a t i v e  a n a l y s i s  has  been  shown 
t o  be q u i t e  u s e f u l .  When e i t h e r  s o l u b l e  o r  s p a r i n g l y  
s o l u b l e  s a l t s  a r e  mixed as a s l u r r y  w i t h  a s t r o n g  c a t i o n  
e x ch a n g e  r e s i n ,  t h e  c a t i o n s  a r e  r e t a i n e d  by t h e  r e s i n .
The a n i o n s  o f  t h e  s a l t s  r e m a in  i n  s o l u t i o n  and a r e  s e p a ­
r a t e d  by f i l t r a t i o n .  T re a tm e n t  o f  t h e  r e s i n  w i t h  n i t r i c  o r  
p e r c h l o r i c  a c i d  y i e l d s  a  s o l u t i o n  c o n t a i n i n g  a l l  o f  t h e  
c a t i o n s  from t h e  s a l t s .  In  t h e o r y ,  a t  l e a s t ,  t h e r e  i s  a 
s i m p l e  s u b d i v i s i o n  o f  t h e  unknown c a t i o n s  and  a n io n s  i n t o  
two s o l u t i o n s .  A m a jo r  a d v a n t a g e  i s  t h a t  t h i s  i s  
a c c o m p l i s h e d  w i t h o u t  t h e  i n t r o d u c t i o n  o f  any t r o u b le s o m e  
i o n s .  When a n io n s  o f  v o l a t i l e  weak a c i d s  a r e  p r e s e n t  t h e y  
may be l o s t  d u r i n g  t h e  t r e a t m e n t  o f  t h e  unknown w i t h  t h e
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r e s i n .  Good r e s u l t s  o b t a i n e d  w i t h  t h e s e  i n s o l u b l e  s a l t s :  
b a r iu m  s u l f a t e ,  c a l c i u m  f l u o r i d e ,  cadmium s u l f i d e  and l e a d  
c h ro m a te ,  a t t e s t  t o  t h e  u s e f u l n e s s  o f  t h i s  t e c h n i q u e  ( 4 4 ,  
6 3 ) .
B. ELIMINATION OF INTERFERING ANIONS
I t  s h o u l d  be n o t e d  t h a t  some a n io n s  a r e  i n h e r e n t l y  
i n c o m p a t i b l e .  I f  t h e  p a s t  h i s t o r y  o f  t h e  sam ple  i s  known 
a know ledge  o f  t h e  a n io n s  p r e s e n t  would r e s u l t  i n  t h e  
r em o v a l  o f  c e r t a i n  i n c o m p a t i b l e  i o n s  from c o n s i d e r a t i o n .  
Thus ,  t h e  known p r e s e n c e  o f  o x i d i z i n g  a n io n s  e x c l u d e s  t h e  
p r e s e n c e  o f  s t r o n g  r e d u c i n g  a n i o n s .  In  a d d i t i o n ,  the '  
p r e s e n c e  o f  c e r t a i n  o x i d i z i n g  o r  r e d u c i n g  a g e n t s  m u t u a l l y  
e x c l u d e  o t h e r  o x i d i z i n g  o r  r e d u c i n g  a g e n t s .  T hus ,  hypo-  
i o d i t e  i s  n o t  s t a b l e  i n  t h e  p r e s e n c e  o f  h y p o c h l o r i t e  o r  
h y p o b r o m i t e ,  s i n c e  i t  i s  o x i d i z e d  t o  i o d a t e .  S i m i l a r l y ,  
h y p o b r o m i t e  i s  n o t  s t a b l e  i n  t h e  p r e s e n c e  o f  h y p o c h l o r i t e .  
The pH o f  t h e  s o l u t i o n  i s  an i m p o r t a n t  c o n s i d e r a t i o n  i n  
t h e  i n t e r a c t i o n s  be tw een  a n i o n s .  The n i t r a t e  and ch ro m a te  
i o n s  a r e  q u i t e  weak as o x i d i z i n g  a g e n t s  i n  b a s i c  s o l u t i o n ,  
b u t  i n  a c i d  s o l u t i o n  t h e y  become s t r o n g  o x i d i z i n g  a g e n t s .  
Thus t h e s e  o x i d i z i n g  a n io n s  may c o e x i s t  w i t h  r e d u c i n g  io n s  
i n  b a s i c  s o l u t i o n  b u t  n o t  i n  a c i d  s o l u t i o n .  However,  some 
a n io n s  have  o x i d i z i n g  a b i l i t y  i n  b o t h  a c i d i c  and b a s i c  s o ­
l u t i o n s ,  a common example  i s  t h e  p e rm a n g a n a te  i o n .
I n  a d d i t i o n  t o  t h e s e  g e n e r a l  t r e a t m e n t s  f o r  t h e  
e l i m i n a t i o n  o f  i n t e r f e r r i n g  a n i o n s ,  t h e r e  a r e  s p e c i f i c
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r e a c t i o n s  w h ic h  may be u s e d  t o  remove p a r t i c u l a r  a n i o n s  i f  
t h e y  a r e  d e f i n i t e l y  known t o  be p r e s e n t  i n  t h e  s a m p le .
The f o l l o w i n g  r e a c t i o n s  a r e  g i v e n  as exam ples  f o r  
t h e  r e m o v a l  o f  s p e c i f i c  a n io n s  and m o l e c u l e s  ( 7 5 ,  18,  52 ,  
80 ,  5 4 ) .  In  a l l  c a s e s ,  r e a c t i o n s  w ere  s e l e c t e d  s u c h  t h a t  
p r o d u c t s  were  fo rm ed ,  t o  as g r e a t  an e x t e n t  as  p o s s i b l e ,  
w h ic h  d i d  n o t  i n t e r f e r e  w i t h  s u b s e q u e n t  t e s t s .  R e a c t i o n s  
y i e l d i n g  w a t e r ,  g a s e s ,  and u n r e a c t i v e  m o l e c u l a r  s p e c i e s  
a r e  i d e a l  from t h i s  s t a n d p o i n t .
ELIMINATION OF INDIVIDUAL INTERFERRING ANIONS:
1. ACETATE
A c e t a t e  may be removed from s o l u t i o n  by t h e  a d d i t i o n  
o f  d i l u t e  o r  c o n c e n t r a t e d  s u l f u r i c  a c i d .  I f  e t h y l  a l c o h o l  
i s  added  t o  a s u l f u r i c  a c i d  s o l u t i o n  c o n t a i n i n g  a c e t a t e  and 
t h e  s o l u t i o n  warmed, e t h y l  a c e t a t e  i s  fo rm ed .
2.  ARSENITE, ARSENATE
A r s e n i c  may be removed from s u l f u r i c  a c i d  s o l u t i o n  by 
b o i l i n g  w i t h  b a r ium  t h i o s u l f a t e
2As03 " 3  + 3Ba+ 2  + 3S2 0 3 " 2  + 6 H+ — *» As2 S 3  + 3BaS04  + 3H20
2As04 " 3  + 5Ba+ 2  + 5 s 2 ° 3 ’ 2  + 6 H+— * 2 A s 2 S 5 + 5BaS04  + 3H20
A l l  compounds c o n t a i n i n g  a r s e n i c  can  be r e d u c e d ,  i n  
s u l f u r i c  a c i d  s o l u t i o n ,  by means o f  m e t a l l i c  z i n c  t o  t h e  
v o l a t i l e  and e x t r e m e l y  p o i s o n o u s  a r s i n e ,  AsH3 . T h is  r e ­
a c t i o n  t a k e s  p l a c e  r e a d i l y  a t  o r d i n a r y  t e m p e r a t u r e s .  The 
a r s e n i c  s u l f i d e s  a r e  r e d u c e d  more s l o w l y  t h a n  t h e  o x i d e s .
As0 3 ” 3  + 3Zn + 9H+ --->- 3Zn+ 2  + AsH3  + 3H20
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As0 4 ~ 3  + 4Zn + 11H+-*  4Zn+ 2  + AsH3  + 4H20
3.  AZIDS
H y d ra z o ic  a c i d ,  HN3 , i s  c o m p l e t e ly  removed from 
d i l u t e  m i n e r a l  a c i d  s o l u t i o n  a t  37° C.
N i t r o u s  a c i d  a l s o  r e a c t s  w i t h  h y d r a z o i c  a c i d  a c ­
c o r d i n g  t o  t h e  r e a c t i o n
hn3 + hno2  »- n2o + n2 + h2o
T h is  r e a c t i o n  i s  v e r y  r a p i d .
S o l u t i o n s  o f  sodium a z i d e  and i o d i n e  r e a c t  w i t h  
v i g o r o u s  e v o l u t i o n  o f  n i t r o g e n  i f  t r a c e s  o f  s u l f i d e  o r  
t h i o s u l f a t e  a r e  a d d ed .
2 n 3 ~ + I 2  21 -  + 3N2
4 .  BORATE
R e p e a te d  e v a p o r a t i o n ,  on a w a t e r  b a t h ,  o f  a b o r a t e  
s o l u t i o n  w i t h  e i t h e r  c o n c e n t r a t e d  s u l f u r i c  o r  h y d r o c h l o r i c  
a c i d  and m e t h y l  o r  e t h y l  a l c o h o l ,  w i l l  l i b e r a t e  t h e  c o r r e ­
s p o n d in g  v o l a t i l e  e s t e r .
H3 BO3  + 3R0H ------- ► R3 (B03) + 3H20
Boron f l u o r i d e  i s  s u f f i c i e n t l y  v o l a t i l e  so t h a t  i t  
may be removed by e v a p o r a t i o n  w i t h  h y d r o f l u o r i c  a c i d  a l o n e  
o r  by a  m i x t u r e  o f  s u l f u r i c  and h y d r o f l u o r i c  a c i d s .
B o r a te s  may a l s o  be removed e f f e c t i v e l y  from s o l u t i o n  
by fo rm in g  t h e  s t a b l e  t e t r a f l u o r o  complex a c c o r d i n g  t o  t h e  
f o l l o w i n g  r e a c t i o n .
H3 BO3  .+ 4 F ~ ------>- BF^-  + 30H"
5 .  BROMIDE
Bromide i s  o x i d i z e d  by c o n c e n t r a t e d  s u l f u r i c  a c i d .  
H e a t in g  w i l l  a i d  t h e  r e a c t i o n .
2Br" + S04 " 2  + 4H+  Br 2  + S0 2  + 2H20
O x i d a t i o n  i s  a l s o  e f f e c t e d  w i t h  p e r o x i d e  o r  p e r s u l ­
f a t e  i n  d i l u t e  s u l f u r i c  a c i d  s o l u t i o n .
2Br" + s 2 ° 8 ' 2  Br 2  + 2S04 ‘ 2
2Br“ + H2 0 2  + 2H+ ----- ► Br 2  + 2H20
The f r e e  b rom ine  may be removed from s o l u t i o n  by 
e v a p o r a t i o n  o r  by e x t r a c t i o n  w i t h  c a r b o n  t e t r a c h l o r i d e .
The a d d i t i o n  o f  s u l f o s a l i c y l i c  a c i d  t o  a s o l u t i o n  c o n ­
t a i n i n g  b rom ine  removes t h e  brom ine  by t h e  im m e d ia te  
f o r m a t i o n  o f  c o l o r l e s s  b r o m o s a l i c y l i c  a c i d .
C h l o r i n e  w a t e r ,  o f  c o u r s e ,  w i l l  a l s o  o x i d i z e  b rom ide  
t o  e l e m e n t a l  b ro m in e .
6 . BROMATE
Upon w a rm ing ,  a s o l u t i o n  o f  b ro m a te  i s  r e d u c e d  by an 
added  s o l u t i o n  o f  sodium n i t r i t e  a c c o r d i n g  t o  t h e  e q u a t i o n  
Br03” + 3N02“  ► Br“ + 3 n 0 3 "
7 .  CARBONATE
Hydrogen i o n  f rom e i t h e r  d i l u t e  o r  c o n c e n t r a t e d  a c i d s  
o f  e v en  m o d e r a t e  s t r e n g t h  l i b e r a t e s  c a r b o n  d i o x i d e  from 
e i t h e r  t h e  s o l i d  c a r b o n a t e  o r  a c a r b o n a t e  s o l u t i o n .
8 . CHLORATE
R ed u c in g  a g e n t s  r e d u c e  c h l o r a t e  t o  c h l o r i d e  i n  a c i d  
s o l u t i o n ,  f o r  exam p le :
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C103“ + 3N02 ” ------ 3N03" + Cl"
Hydrogen p e r o x i d e  i n  t h e  p r e s e n c e  o f  a  s m a l l  amount 
o f  n i t r i c  a c i d  c o m p l e t e l y  r e d u c e s  c h l o r a t e  i o n  t o  c h l o r i d e .
9 .  CHLORIDE
H y p o c h l o r i t e  i n  a c i d  s o l u t i o n  o x i d i z e s  c h l o r i d e  i o n  
Cl" + CIO" + 2H+ ----->■ C l 2  + H20
10. CHROMATE, DICHROMATE
Chromate  i o n  may be q u a n t i t a t i v e l y  p r e c i p i t a t e d  from 
a d i l u t e  a c e t i c  a c i d  s o l u t i o n  w i t h  ba r ium  i o n .
I t  i s  c o n c e i v a b l e  t h a t  t r a c e s  o f  ch ro m a te  o r  d i -  
c h ro m a te  c o u ld  be removed from s o l u t i o n  by t h e  a d d i t i o n  o f  
h yd ro g en  p e r o x i d e  i n  t h e  p r e s e n c e  o f  d i l u t e  s u l f u r i c  a c i d  
w h ic h  g i v e s  t h e  deep  b l u e  c o l o r  o f  chromium p e r o x i d e  e x -  
t r a c t a b l e  by amyl a l c o h o l  o r  d i e t h y l  e t h e r .
I f  a ch ro m a te  s o l u t i o n  i s  a c t e d  upon s i m u l t a n e o u s l y  
by e t h y l  a l c o h o l  and h y d r o c h l o r i c  a c i d  ( t h e  r e a c t i o n  t a k e s  
p l a c e  upon w a rm in g ) ,  t h e  a l c o h o l  i s  o x i d i z e d  t o  a c e t a l d e -  
h yd e .  The e x c e s s  a l c o h o l  and t h e  a c e t a l d e h y d e  a r e  e a s i l y  
removed by b o i l i n g  t h e  s o l u t i o n .
Cr2 ° 7 ~ 2  + 3 c 2H5OH + 8 H+— 2Cr + 3  + 3CH3 CH0 + 7H20
11. CITRATE
C i t r a t e  may be d e s t r o y e d  by r e p e a t e d  e v a p o r a t i o n  
w i t h  c o n c e n t r a t e d  n i t r i c  a c i d .
12. CYANATS
C y a n a te s  a r e  decomposed by t h e  a c t i o n  o f  d i l u t e
s u l f u r i c  a c i d .
CNO“ + 2H+ + H20 ------►- CO2  + NH4+
C y a n a te s  t r e a t e d  w i t h  b rom ine  i n  aqueous  s o l u t i o n  
g i v e s  b rom ide  i o n ,  n i t r o g e n  gas  and c a r b o n  d i o x i d e .
13. CYANIDE
D i l u t e  s u l f u r i c  a c i d  decomposes s o l u t i o n s  o f  a l l  
s o l u b l e  c y a n i d e s ,  l i b e r a t i n g  h yd ro g en  c y a n i d e  g a s .  I n ­
s o l u b l e  c y a n i d e s  a r e  decomposed by d i l u t e  s u l f u r i c  a c i d  
o n l y  upon warm ing .
The t r e a t m e n t  o f  c y a n i d e  i o n  w i t h  a f i v e - f o l d  e x c e s s  
o f  a s t r o n g  h y d ro g e n  p e r o x i d e  s o l u t i o n  y i e l d s  b i c a r b o n a t e  
i o n  and ammonia gas  upon warming .
14.  EDTA (ETHYLENEDIAMINE TSTRAACETIC ACID)
R e p e a te d  e v a p o r a t i o n  w i t h  c o n c e n t r a t e d  n i t r i c  a c i d  
w i l l  d e s t r o y  EDTA.
15. FERRICYANIDE
F e r r i c y a n i d e  i o n  i s  decomposed by c o n c e n t r a t e d  
s u l f u r i c  a c i d  upon warming w i t h  t h e  f o r m a t i o n  o f  ammonium 
i o n  and c a r b o n  m on o x id e .
H e a t i n g  f e r r i c y a n i d e  w i t h  p e r s u l f a t e  i o n  i n  an 
aqueous  s u l f u r i c  a c i d  s o l u t i o n  c a u s e s  d e c o m p o s i t i o n  o f  
f e r r i c y a n i d e .  The p r o d u c t s  p r o d u c e d  i n c l u d e  h yd ro g en  
c y a n i d e ,  ammonia and cyan o g e n .
16. FERROCYANIDE
C o n c e n t r a t e d  s u l f u r i c  a c i d  decomposed f e r r o c y a n i d e  
. s o l u t i o n s  c o m p l e t e l y  upon warming .
/
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Fe(CN) 6 " 4  + 12H+ + 6H20  ►- 6C0 + 6 NH4+ + Fe+ 2
B o i l i n g  f e r r o c y a n i d e  s o l u t i o n s  c a u s e s  d e c o m p o s i t i o n  
w i t h  h y d ro g en  c y a n id e  b e in g  e v o lv e d .
F e r r o c y a n i d e  i s  o x i d i z e d  t o  f e r r i c y a n i d e  by h yd ro g en  
p e r o x i d e  o r  n i t r i t e  i n  a c i d  s o l u t i o n .
1 7 .  FORiMATES
W ith d i l u t e  s u l f u r i c  a c i d  f o r m a te s  y i e l d  v o l a t i l e  
f o r m ic  a c i d .  E t h y l  a l c o h o l  and c o n c e n t r a t e d  s u l f u r i c  a c i d  
p r o d u c e  e t h y l  f o r m a te  upon warming w i t h  f o r m a t e s .
18. FLUORIDE
F l u o r i d e  io n  forms s t a b l e  complexes w i t h  some m e t a l  
i o n s .  Among t h e  most s t a b l e  a r e  t h o s e  formed w i t h  a lu m i ­
num, b e r y l l i u m ,  z i r c o n iu m  and i r o n  ( I I I ) .
Thorium ( IV)  i o n  and c a l c iu m  i o n  g i v e  v e r y  i n s o l u b l e  
p r e c i p i t a t e s  w i t h  f l u o r i d e .
Hydrogen f l u o r i d e  i s  v o l a t i l i z e d  by r e p e a t e d  e v ap o ­
r a t i o n s  t o  d r y n e s s  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .
F l u o r i d e  may a l s o  be v o l a t i l i z e d  by h e a t i n g  a s o ­
l u t i o n  c o n t a i n i n g  c o n c e n t r a t e d  s u l f u r i c  a c i d  and a s i l i c a t e  
o r  f i n e l y  d i v i d e d  s i l i c o n  d i o x i d e .  The r e s u l t i n g  g a s ,  
s i l i c o n  t e t r a f l u o r i d e ,  i s  r e a d i l y  l o s t  from s o l u t i o n .
4F” + S i 0 2  + 4H+--------► S iF 4  + 2H20
19. HYDROGEN PEROXIDE
E x t e n s i v e  u s e  o f  H2 O2  has  been  made i n  t h i s  l i s t  o f
r e a c t i o n s .  T h e r e f o r e ,  i t  i s  c o n c e i v a b l e  t h a t  a  t e s t  m ig h t  
be n e ed ed  f o r  t h e  e l i m i n a t i o n  o f  an e x c e s s  o f  H2 0 2 . One
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s u c h  r e a c t i o n  t h a t  c o u ld  p r o v e  u s e f u l  i s  be tw een  h y d r a z i n e  
and p e r o x i d e .
2H2 0 2  + N2 H4   N2  + 4H20
20 .  HYP0BR0MITE
H ypobrom ite  r e a c t s  q u a n t i t a t i v e l y  w i t h  e x c e s s  ammonia 
a c c o r d i n g  t o  t h e  f o l l o w i n g  r e a c t i o n  
3Br0" + 2NH3  — ► 3Br" + N2  + 3H20
Hydrogen p e r o x i d e  r e a c t s  i n s t a n t a n e o u s l y  w i t h  hypo­
b r o m i t e  t o  g i v e  b rom ide  i o n ,  oxygen and w a t e r .
Q u a n t i t a t i v e  y i e l d s  o f  Br" and Br0 3 ~ a r e  o b t a i n e d  
from a l k a l i n e  h y p o b r o m i t e  s o l u t i o n s  a t  t e m p e r a t u r e s  above 
50°  C. due t o  d i s p r o p o r t i o n a t i o n .
21 .  HYPOCHLORITE
H y p o c h l o r i t e s  a r e  decomposed by a c i d s  ( e v e n  c a r ­
b o n i c ) ,  f o r  ex am p le :
4C10" + 4H+ — 2C12  + 0 2  + 2H20
o r  by h y d ro g e n  p e r o x i d e
c i o "  + h2 o 2  — ► Cl"  + o 2  + h2o
Ammonia r e a c t s  w i t h  h y p o c h l o r i t e  t o  p r o d u c e  c h l o r i d e  
i o n ,  n i t r o g e n  g as  and w a t e r .
22 .  HYP0I0DITE
T r a c e s  o f  h y p o i o d i t e  a r e  c o m p l e t e l y  d e s t r o y e d  by 
e x c e s s  ammonia.
H y p o i o d i t e  i o n  i s  unknown i n  s o l u t i o n  due  t o  i t s  
r a p i d  r a t e  o f  d i s p r o p o r t i o n a t i o n .
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23.  IODATE
I o d a t e  c an  be r e d u c e d  w i t h  many r e d u c i n g  a g e n t s , t h e  
r e a c t i o n s  w i t h  h y d ro g e n  p e r o x i d e  and o x a l a t e  s h o u ld  be 
e s p e c i a l l y  u s e f u l .
2 I 0 3" + 5C2 0 4 " 2  + 12H+ I 2  + 10C02  + 6H20
2 IO3 " + 5H2 0 2  + 2H+ —► I 2  + 502 + 6H20
S i n c e  i o d i n e  may be e i t h e r  v o l a t i l i z e d  o r  e x t r a c t e d ,  i t  
can  be e f f e c t i v e l y  removed from s o l u t i o n .
I t  s h o u l d  be n o t e d  t h a t  t h e  p r e s e n c e  o f  e x c e s s  H2 0 2
c o u ld  r e s u l t  i n  t h e  f o r m a t i o n  o f  i o d i d e  i o n  r a t h e r  t h a n
e l e m e n t a l  i o d i n e .
24.  IODIDE
I o d i d e  i s  o x i d i z e d  by i o d a t e ,  n i t r i t e  and p e r o x i d e  
a c c o r d i n g  t o  t h e  f o l l o w i n g  e q u a t i o n s :
51" + IO3 " + 6 H+ - * 3 I 2 + 3H20
2 1 " + 2 N0 2" + 4H+ - — + l 2 + 2 NO
2 1 “ + H2 ° 2 + 2H+ - — ~ h + 2 H2 0
2 5 .  MOYLBDATE
N i t r i c  a c i d  o x i d i z e s  t h e  lo w e r  o x i d a t i o n  s t a t e s  o f  
molybdenum t o  Mo(VI) and p r e c i p i t a t e s  M0 3 *H2 0 , s o l u b l e  i n  
an  e x c e s s  o f  t h e  a c i d .
Ammonium p h o sp h o m o ly b d a te  i s  p r e c i p i t a t e d  from 
s t r o n g  n i t r i c  a c i d  s o l u t i o n s  by p h o s p h o r i c  a c i d  and i t s  
s a l t s .
26 .  NITRATE
M e t a l l i c  z i n c  o r  aluminum i n  h o t ,  s t r o n g l y  a l k a l i n e
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s o l u t i o n s  r e d u c e  n i t r a t e  i o n  t o  ammonia.
NO3 -  + 4Zn + 70H” ------► NH3  + 4ZnO2 ~ 2  + 2H20
3N03 “ + 8A1 + 50H“ + 2H2 0  ► 3NH3 + 8A 102 “
M e t a l l i c  z i n c ,  i n  a c e t i c  a c i d  s o l u t i o n ,  r e d u c e s
n i t r a t e s  t o  n i t r i t e s  o r  n i t r o u s  a c i d .
2 7 .  NITRITE
T h e re  a r e  s e v e r a l  e x c e l l e n t  r e a c t i o n s  f o r  t h e  com­
p l e t e  r e m o v a l  o f  n i t r i t e  from s o l u t i o n .  Both u r e a  and 
ammonium i o n  r e a c t  q u a n t i t a t i v e l y
2N02 " + (NH2 ) 2 CO + 2H+  ► 2N2 + C02 + 3H2 0
N02 " + NH4 +- ----- >- N2 + 2H20
The r e m o v a l  o f  n i t r i t e  w i t h  sod ium  a z i d e  i s  com­
p l e t e  i n  a c i d i c  s o l u t i o n .  B o i l i n g  c o m p le t e s  t h e  r e a c t i o n  
and removes e x c e s s  h y d r a z o i c  a c i d .  The e q u a t i o n  i s
NOg” + N3 -  + 2H+  N2 + N20  + H20
P e r h a p s  t h e  b e s t  m ethod  o f  a l l  i s  t h e  r e a c t i o n  o f  
s u l f a m i c  a c i d  w i t h  n i t r i t e s .
n o 2 “  +  n h 2 - s o 3 h  --------► n 2  +  h s o 4 ~  +  h 2 o
In  d i l u t e  s o l u t i o n s  t h e  r e a c t i o n  i s  i n s t a n t a n e o u s .
28 .  OXALATE
R e p e a te d  e v a p o r a t i o n  w i t h  c o n c e n t r a t e d  n i t r i c  a c i d  
w i l l  d e s t r o y  o x a l a t e  i o n .
O x a l a t e  forms q u i t e  i n s o l u b l e  p r e c i p i t a t e s  w i t h  
t h o r i u m  and l a n th a n u m .
P e rm a n g a n a te  i o n  q u a n t i t a t i v e l y  c o n v e r t s  o x a l a t e  t o  
c a r b o n  d i o x i d e  i n  a h o t  a c i d i c  s o l u t i o n .
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29. PERCHLORATE
P e r c h l o r a t e  may be r e d u c e d  t o  c h l o r i n e  by i o d i n e  i n  
an a c i d i c  s o l u t i o n .
2C104 " + I 2  ► 2 I0 4 ‘  + C l2
30.  PERIODATE
In  s t r o n g  a c i d  s o l u t i o n ,  p e r i o d i c  a c i d s  and t h e i r  
s a l t s  a r e  p o w e r f u l  o x i d a n t s .  I o d a t e  i o n  i s  t h e  u s u a l  r e ­
d u c t i o n  p r o d u c t .  Some t y p i c a l  r e a c t i o n s  a r e :
I 0 4 -  + C2 04 ’ 2  + 2H+  >• I 0 3-  + 2C02  + H20
io4- + h2o2 — -  io3- + o 2 + h2o
31 .  PERMANGANATE
V a r io u s  r e d u c i n g  a g e n t s  i n  a c i d i c  m ed ia  r e a c t  
q u a n t i t a t i v e l y  w i t h  p e r m a n g a n a te .
2Mn04 ” -f 5C204 _2 + l 6 H +  ► 2Mn+ 2  . +. 10C02  + 8H20
2Mn04 " + 5H2 0 2  + 6 H+ ------► 2Mn+ 2  + 502 + 8H20
32.  PERSULFATE
When a s o l u t i o n  o f  a l k a l i  p e r s u l f a t e  i s  b o i l e d ,  
d e c o m p o s i t i o n  o c c u r s  w i t h  s u l f a t e  and oxygen b e in g  p r o ­
d u c e d .
33 .  PHOSPHATE
The b e s t  means a v a i l a b l e  f o r  t h e  r e m o v a l  o f  p h o s p h a t e  
i o n  i s  by p r e c i p i t a t i o n .  Magnesium io n  i n  an ammoniacal  
s o l u t i o n  p r e c i p i t a t e s  magnesium ammonium p h o s p h a t e .  The
a d d i t i o n  o f  a  z i r c o n y l  n i t r a t e  s o l u t i o n ,  one  m o la r  i n
h y d r o c h l o r i c  a c i d ,  w i l l  p r e c i p i t a t e  z i r c o n y l  p h o s p h a t e .
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34. PYROPHOSPHATE
S o l u t i o n s  o f  p y r o p h o s p h a t e s  change  i n t o  t h e  o r t h o ­
p h o s p h a t e  s l o w l y  a t  room t e m p e r a t u r e  and more r a p i d l y  upon 
b o i l i n g .
A d d i t i o n  o f  e i t h e r  z i n c  o r  cadmium io n s  w i l l  p r e ­
c i p i t a t e  p y r o p h o s p h a t e  from d i l u t e  a c e t i c  a c i d  s o l u t i o n s .
35. SELENITES, SELENATSS
S e l e n i t e s  a r e  e a s i l y  r e d u c e d  t o  e l e m e n t a l  s e l e n iu m  
by v a r i o u s  r e a g e n t s  i n  h y d r o c h l o r i c  a c i d  s o l u t i o n :  hy-  
d r o x y la m in e  h y d r o c h l o r i d e ,  h y d r a z i n e  h y d r o c h l o r i d e  and 
t h i o u r e a  g iv e  good r e s u l t s .
Barium i o n  w i l l  p r e c i p i t a t e  b o t h  s e l e n i t e  and 
s e l e n a t e  from n e u t r a l  s o l u t i o n .
S e l e n a t e s  r e a c t  w i t h  t h i o u r e a  i n  s o l u t i o n  t o  y i e l d  
e l e m e n t a l  s e l e n i u m .
36. SILICATES
T re a tm e n t  o f  a s i l i c a t e  w i t h  h y d r o f l u o r i c  and 
s u l f u r i c  a c i d  w i l l  p r o d u c e  v o l a t i l e  s i l i c o n  t e t r a f l u o r i d e .
37.  SULFATE
Barium i o n  q u a n t i t a t i v e l y  p r e c i p i t a t e s  s u l f a t e  from a 
d i l u t e  a c i d i c  s o l u t i o n .
38. SULFIDE
Hydrogen s u l f i d e  can  be e l i m i n a t e d  from s o l u t i o n  by 
a c i d i f i c a t i o n  w i t h  a n o n o x i d i z i n g  a c i d  and b o i l i n g .
V a r io u s  o x i d i z i n g  a g e n t s  c o n v e r t  s u l f i d e  t o
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e l e m e n t a l s u l f u r o r  s u l f a t e ,  f o r  ex am p le : •
S “ 2  + 4H20 2 -------->• S04 “ 2  + 4H20
3H2S + 2 NO3 - + 2H+ ------3S + 2 NO + 4H20
2H2S + so3“2 + 2H+ --------► 3S + 3H20
39.  SULFITE
Hydrogen io n  from e i t h e r  d i l u t e  o r  c o n c e n t r a t e d  
s t r o n g ,  n o n o x i d i z i n g  a c i d s  l i b e r a t e s  s u l f u r  d i o x i d e  from 
s u l f i t e  s o l u t i o n s  upon warming .
V a r io u s  o x i d i z i n g  a g e n t s  c o n v e r t  s u l f u r o u s  a c i d  o r  
s u l f i t e  i o n  t o  s u l f a t e  i o n .
S0 3 - 2  + H2 O2  -----S04 ” 2  + H2 O
SO3 " 2  + 2N02“ + 2H+  V S04 " 2  + 2NO + H20
4 0 .  TARTRATE
By r e p e a t e d  e v a p o r a t i o n  w i t h  c o n c e n t r a t e d  n i t r i c  
a c i d ,  t a r t r a t e  i o n  i s  c o m p l e t e l y  d e s t r o y e d .
4 1 .  TELLURITE, TELLURATE
E l e m e n t a l  t e l l u r i u m  i s  p r e c i p i t a t e d  from b o t h  t e l l u ­
r i t e s  and  t e l l u r a t e s  by h y d r a z i n e  h y d r o c h l o r i d e  i n  a warm 
a c i d  s o l u t i o n .
Barium i o n  i n  n e u t r a l  s o l u t i o n  p r e c i p i t a t e s  b o t h  
t e l l u r i t e  and t e l l u r a t e .
4 2 .  THIOCYANATE
W ith  m e t a l l i c  z i n c  and d i l u t e  h y d r o c h l o r i c  a c i d ,  
h y d ro g e n  s u l f i d e  and h y d ro g en  c y a n i d e  a r e  e v o lv e d  from 
t h i o c y a n a t e s .
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T h io c y a n a t e s  a r e  decomposed upon warming w i t h  n i t r i c  
a c i d .  D i l u t e  n i t r i c  a c i d  p ro d u c e s  n i t r i c  o x i d e ,  s u l f a t e  
i o n  and hy drogen  c y a n i d e .  C o n c e n t r a t e d  n i t r i c  a c i d  
e v o lv e s  n i t r i c  o x i d e ,  s u l f a t e  io n  and c a rb o n  d i o x i d e .
A warm a c e t i c  a c i d  s o l u t i o n  o f  h yd ro g en  p e r o x i d e  
c o n v e r t s  t h i o c y a n a t e s  i n t o  s u l f a t e  i o n  and h y d ro g en  c y a ­
n i d e .
43 .  THIOSULFATE
Hydrogen i o n  from e i t h e r  d i l u t e  o r  c o n c e n t r a t e d  
s t r o n g ,  n o n o x i d i z i n g  a c i d s  y i e l d s  s u l f u r  d i o x i d e  and e l e ­
m e n t a l  s u l f u r  upon warming.
S t r o n g  o x i d i z i n g  a g e n t s  c o n v e r t  t h i o s u l f a t e  io n  i n t o  
s u l f a t e  i o n ,  f o r  exam ple :
S2 ° 3 ~ 2  + 4 H2°2 — 2S04 - 2  + 2H+ + 3H20
S2 0 3 ” 2  + 4C12  + 5H20  ► 2S04 - 2  + 8C1” + 10H+
4 4 .  TUNGSTATE
A d d i t i o n  o f  d i l u t e  m i n e r a l  a c i d s  t o  a s o l u t i o n  o f  
t u n g s t a t e  y i e l d s  h y d r a t e d  t u n g s t e n  t r i o x i d e .
4 5 .  VANADATE
V an ad a te  i s  c o m p l e t e l y  p r e c i p i t a t e d ,  as ammonium 
v a n a d a t e ,  i f  s o l i d  ammonium c h l o r i d e  i s  add ed  t o  a n e u t r a l  
s o l u t i o n .
These  t e s t s  a r e  i n t e n d e d  o n ly  as a g u i d e .  T h e i r  
i n d i s c r i m i n a t e  u s e  can  r e s u l t  i n  more harm t h a n  good .
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C. MASKING
I n  a d d i t i o n  t o  t h e  r e a c t i o n s  g i v e n  f o r  t h e  e l i m i ­
n a t i o n  o f  t r o u b l e s o m e  a n i o n s ,  t h e  t e c h n i q u e  o f  m ask in g  may 
be u s e d  f o r  t h e  r e m o v a l  o f  b o t h  c a t i o n s  and a n i o n s .  A 
r e a c t i o n  s y s t e m  i s  s a i d  t o  be masked i f  t h e  n o rm a l  c o u r s e  
o f  a c h e m i c a l  change  t h a t  l e a d s  t o  i n s o l u b l e ,  c o l o r e d ,  o r  
g a s e o u s  r e a c t i o n  p r o d u c t s  i s  p r e v e n t e d  by t h e  p r e s e n c e  o r  
a d d i t i o n  o f  c e r t a i n  m a t e r i a l s .  Masking i s  a  p r o c e s s  i n  
w h ic h  c e r t a i n  r e a c t i o n s  o f  a  s u b s t a n c e ,  w i t h o u t  p h y s i c a l  
s e p a r a t i o n  o f  i t  o r  i t s  r e a c t i o n  p r o d u c t s ,  a r e  p r e v e n t e d .  
The t e c h n i q u e  o f  m ask in g  i s  l a r g e l y  e m p i r i c a l .  In  
p r a c t i c e  a l a r g e  c o n c e n t r a t i o n  o f  some c o m p lex in g  l i g a n d  
i s  g e n e r a l l y  added  t o  e f f e c t i v e l y  c o o r d i n a t e  t h e  i n t e r ­
f e r i n g  i o n s .  R e c e n t l y ,  a t t e m p t s  hav e  b een  made ( 1 0 ,  64) 
t o  g i v e  a  more  f u n d a m e n ta l  a p p r o a c h  t o  t h i s  most  u s e f u l  
t e c h n i q u e .  T a b l e  I  i s  a  c o m p r e h e n s iv e  l i s t i n g  o f  m ask in g  
a g e n t s .
TABLE I
E lem en t
Ag
M asking  A gen ts  f o r  t h e  E le m e n ts
M asking  A gen ts  
CN", NH3 , e n ,  Br” , S2 0 3“ 2 , EDTA, SCN 
t h i o u r e a ,  I ” , C l” , TG
A1 F " ,  C2 04 ” 2 , OAc” , c i t ,  t a r t ,  EDTA 
s u l f o s a l ,  BAL, NTS, OH” , AA




TABLE I (c o n t in u e d )
Element Masking Agents
CN", B r" ,  S2 0 3" 2 , I " ,  P 2 0 7 - 4 * S03" 2 , 
t h i o u r e a
B F " ,  p o ly h y d r o x y  a l c o h o l s ,  hydroxy
a c i d s
EDTA, c i t ,  t a r t ,  NTA, DHG, S04 “ 2
Be EDTA, F " ,  c i t ,  t a r t ,
Bi EDTA, t a r t ,  c i t ,  S2 0 3" 2 , I ” , C l " ,
NTA, DHG, NTS, BAL, TG, t h i o u r e a
Br S u l f o s a l
Ca EDTA, p o l y p h o s p h a t e s ,  F" ,  P2 07 ”4 , c i t ,
t a r t ,  NTA, DHG
Cd EDTA, CN” , I ” , S2 0 3“ 2 , c i t ,  t a r t ,
SCN” , NH3 , P2 0 7“ 4 , NTA, DHG, TG, DMPS
Ce F " ,  NTA, EDTA, DHG, c i t ,  t a r t ,  t i r o n
Co EDTA, SCN” , CN” , N02" ,  S2 0 3" 2 , c i t ,
t a r t ,  NH3 , H2 0 2 , NTA, DHG, e n ,  BAL, 
t r e n ,  p e n t e n
Cr OAc” , S2 0 3” 2 , EDTA, c i t ,  t a r t ,  NTA,




F e ( I I )
F e ( I I I )
TABLE I (c o n t in u e d )
Masking Agents
- 2EDTA, t h i o u r e a ,  s u l f o s a l ,  S2 O3 " > CN” , 
t a r t ,  c i t ,  NH3 , S03” 2 , I ” , SCN” , S” 2 , 
DTC, DHG, BAL, NTA, TG, NTE, t r e n ,  
p e n t e n
CN” , a » C X -d ip y r id y l ,  en
EDTA, p o l y p h o s p h a t e s ,  P04 " 3 , P2 O7 " 4 ,
F " ,  C2 0 ^ “ 2 , S2 0 3“ z , CN” , c i t ,  t a r t ,- 2
s u l f o s a l ,  SCN” , SO3 ” 2 , NTA, DHG, DTC, 
BAL, PH, S“ 2 , TG, NTS, t i r o n ,  




c2 °4 ~ 2 » F”
F“ , S04 “ 2 , DHG, c i t ,  t a r t ,  NTA, EDTA, 
P 2 0 7 ”4 , P04 ” 3 , C2 04 ” 2 , NTE, H2 0 2
I ” , S03 ” 2 , CN” , SCN” , S2 03 ” 2 , C l” , 
t h i o u r e a ,  NTA, EDTA, DHG, c i t ,  t a r t ,  




f ,  C2 0 4 - 2 , TG
T h i o u r e a ,  c i t ,  SCN", NH3 , t a r t
EDTA, p o l y p h o s p h a t e s ,  NTA, DHG, c i t ,
C2 0 4" 2 , t a r t ,  OH", P2 0 7 " e+, g l y c o l s ,  F- 4
55
TABLE I  ( c o n t i n u e d )
E lem ent  Masking Agents
Mn F " , C2 04~2 , P04" 3 , P 2 0 7 - 4 ,  t a r t » c i t »
CN", EDTA, NTA, DHG, BAL, NTS
Mo C2 04 " 2 , H2 0 2 , SCN", c i t ,  t a r t ,  F " ,
EDTA, NTA, t i r o n
Nb H2°2* F~* o h ” > c i t » t a r t ,  C2 0 4 ” 2 ,
t i r o n
Ni EDTA, CN", SCN", c i t ,  t a r t ,  tn a l ,  NH3 ,
NTA, t r e n ,  p e n t e n
Os CN” , t h i o u r e a ,  SCN"
Pb EDTA, OAc", S2 0 3“ 2 , c i t ,  F " ,  I " ,  SCN",
P2 07" 4 , t a r t ,  NTA, DHG, S04 " 2 , BAL,
TG, DMPS
Pd s 2°3~2 » I ’ » c n ~» NH3» N°2 ~ , SCN", NTA,
SO3 " 2 , EDTA, DHG, c i t ,  t a r t ,  AA, NTE
P t  I " ,  NH3 , e n ,  CN", S ^ " 2 , N02" ,  SCN",
C l " ,  NTA, EDTA, DHG, c i t ,  t a r t
Rh T h i o u r e a ,  c i t ,  t a r t
Ru T h i o u r e a
Sb T a r t ,  c i t ,  I " ,  S"2 , F" ,  BAL, OH",
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TABLE I (c o n t in u e d )
E lem ent  Masking Agen ts
Sn C20^“ 2 ,  t a r t ,  c i t ,  S " 2 , BAL,
OH” , NTE, TG, P04 “ 3
S r  EDTA, S04 " 2 , NTA, DHG, c i t ,  t a r t
Ta F " ,  OH", c i t ,  t a r t
Th F " ,  c i t ,  NTA, EDTA, DHG, t a r t ,  NTE,
OAc"
T i  F" ,  H2O21 S04 " 2 , c i t ,  t a r t ,  m a l ,  NTA,
s u l f o s a l ,  t i r o n ,  EDTA, NTE, OH", 
g l u c o n a t e
T l  C l " ,  CN", EDTA, t a r t ,  C204 " 2 , SCN",
NTA, c i t ,  NTE, TG
U F" ,  C204 " 2 , NO3", CO3"2 , t a r t ,  c i t ,
m a l ,  SO3"2 , H202
V CN", F" ,  SO3"2 , H202 , EDTA, t i r o n ,  NTE
W C i t ,  t a r t ,  F " ,  C204 " 2 , H3P04 , t i r o n ,
SCN", H202
Zn SCN", c i t ,  t a r t ,  EDTA, g l y c e r o l ,  NH3,





TABLE I  ( c o n t i n u e d )
Masking Agents  
F~, S04 " 2 , t a r t ,  c i t ,  m a l ,  NTA, EDTA,
h 2 ° 2 » p2°7~4 » p0 4~3 * C2°4’ 2 » NTE* DHG
I o n , M o le c u le  
BrOo"
C1‘
h s o 3" ,  s 2 o 3" 2 , nh 2 n h 2 , As02‘ 
Hg+ 2




hso3 " ,  nh2oh







A s c o r b i c  a c i d ,  HS03” , NH2 OH, S2 0 3 ' 2 ,
nh 4 nh2 , As02”
B03“ 3 , A l+ 3 , Be+ 2 , Z r+ 4 , Fe+ 3 , Hg+ 2 , 
Nb(V),  T a ( V ) , H f ( I V ) ,  T i ( I V )




h s o 3" ,  s 2 o 3“ 2 , nh 2 n h 2
- 2A s c o r b i c  a c i d ,  HS03” , S2 0 3  , NH2 NH2 ,
As O'
Mn04 ” N3" ,  a s c o r b i c  a c i d ,  NH2 NH2 , HS03" ,  
n h 2 o h ,  s 2 o 3“ 2 , As02"
I o n ,  M o le cu le
NH'
NO.
TABLE I  ( c o n t i n u e d )
Masking Agents
HCHO
S u l f a n i l i c  a c i d ,  Co+ 2 , N3” , HS03“ ,
nh 2 o h ,  s 2 o3" 2 , nh 2 nh 2
CN” , S” 2 , S03 ” 2
• - 2
SO - 2
SoO, - 22 8 
Se a n io n s
Te a n io n s
- 2HCHO, HgCl4
A s c o r b i c  a c i d ,  NH2 OH, S2 0 3 - 2
S"2 , S03” 2 , DAB, t a r t ,  c i t ,  I ” , F” , 
a s c o r b i c  a c i d
I ” , F” , c i t ,  t a r t ,  S” 2 , S03” 2 , 
a s c o r b i c  a c i d









a c e t y l a c e t o n e
2 . 3 - d i m e r c a p t o - 1 - p r o p a n o l  
c i t r a t e
d i a m i n o b e n z i d i n e  
N ,N - ( 2 - h y d r o x y e t h y l )  g l y c i n e
2 . 3 - d i m e r c a p t o p r o p a n e  s u l f o n a t e  sodium 
s a l t
d i e t h y l d i t h i o c a r b a m a t e
e t h y l e n e d i a m i n e
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A b b r e v ia t io n s  (c o n t in u e d )
mal = m a l o n a t e
NTA = n i t r i l o t r i a c e t a t e
NTE = 2 , 2 ' , 2 * ' - n i t r i l o t r i e t h a n o l
OAc" = a c e t a t e
p e n t e n  = t e t r a k i s ( 2 - a m i n o e t h y l ) e t h y l e n e d i a m i n e
PH = o - p h e n a n t h r o l i n e
S u l f o s a l  = s u l f o s a l i c y l a t e
t a r t  = t a r t r a t e
TG = t h i o g l y c o l l i c  a c i d
t r e n  = 2 , 2 ' , 2 ’' - t r i a m i n o t r i e t h y l a m i n e
TSC = t h i o s e m i c a r b a z i d e
A n o th e r  method  b e in g  u s e d  t o  g a i n  s e l e c t i v i t y  and 
s e n s i t i v i t y  i n  s p o t  t e s t  methods i s  t h e  u s e  o f  i o n -  
e xcha ng e  r e s i n s  t o  s e p a r a t e  and  c o n c e n t r a t e  s p e c i e s  b e in g  
d e t e c t e d  ( 2 5 ) .  These  r e s i n  s p o t  t e s t s  a r e  b a se d  on t h e  
i n t e n s e  c o l o r a t i o n  o f  a few g r a i n s  o f  a l i g h t - c o l o r e d  i o n -  
ex ch an ge  r e s i n  p r o d u c e d  by t h e  u p t a k e  from t h e  r e a c t i o n  
medium o f  i o n s  h a v in g  c h a r a c t e r i s t i c  c o l o r s .
The a d v a n t a g e s  o f  r e s i n  s p o t  t e s t s  a r e  a s s o c i a t e d  
w i t h  t h e  i n c r e a s e d  s e n s i t i v i t y  a c h i e v e d ,  t h e  improved  s t a ­
b i l i t y  o f  t h e  c o l o r a t i o n  and t h e  improved  s e l e c t i v i t y  o f  
t h e  a n a l y t i c a l  t e s t s .  R e s i n  s p o t  t e s t s  e x h i b i t  g r e a t l y  
e n h an ced  s e n s i t i v i t y .  T h is  b e in g  a s s o c i a t e d  w i t h  t h e  
i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  o f  c o l o r e d  i o n i c  s p e c i e s  by 
a d s o r p t i o n  on t h e  f i n e  g r a i n s  o f  t h e  r e s i n  and w i t h  t h e
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s u b s e q u e n t  enhancem ent  o f  t h e  c o l o r a t i o n  i n  t h e  r e s i n  
p h a s e .  The c o l o r a t i o n  i s  o f t e n  more s t a b l e  i n  t h e  r e s i n  
p h a s e  t h a n  i n  t h e  aqueous  p h a s e  and o f t e n  i n t e n s i f i e s  upon 
s t a n d i n g .  T h is  i s  due  t o  t h e  e v e r  p r e s e n t  exchange  c a ­
p a c i t y  o f  t h e  r e s i n .  C o l o r l e s s  o r  l i g h t l y  c o l o r e d  r e s i n s  
m ust  be employed t o  a t t a i n  a d e q u a te  s e n s i t i v i t y .
The s e l e c t i v e  a d s o r p t i o n  o f  t h e  p a r t i c u l a r  i o n - e x ­
change  r e s i n  o f t e n  makes t h e  t e s t  more  s e l e c t i v e .  Thus ,  
any i n t e r f e r e n c e  by i o n s  o f  a  c h a r g e  o p p o s i t e  t o  t h a t  o f  
t h e  i o n i c  s p e c i e s  a d s o r b e d  by t h e  r e s i n  i s  u s u a l l y  
rem oved .  In  most  c a s e s ,  s t r o n g l y  a c i d i c  c a t i o n i c  o r  
s t r o n g l y  b a s i c  a n i o n i c  ex chang e  r e s i n s  o f  low c r o s s -  
l i n k a g e  a r e  em ployed .
In  g e n e r a l ,  p r o c e d u r e s  i n v o l v i n g  r e s i n  s p o t  t e s t s  
may be c l a s s i f i e d  i n t o  f o u r  g ro u p s  ( 2 5 )
1 . s i m p l e  complex f o r m a t i o n
2 . c h e l a t e  f o r m a t i o n
3 .  dye  f o r m a t i o n
4 .  i n t e r f a c i a l  p r e c i p i t a t i o n  o r  c r y s t a l  g ro w th .
A p r o m is in g  d e v e lo p m e n t  o f  r e s i n  s p o t  t e s t s  i s  t h e  
u s e  o f  p a p e r  c o a t e d  w i t h  an i o n - e x c h a n g e  r e s i n  as a medium 
and s u p p o r t  f o r  s p o t  t e s t s  ( 6 6 ) .  In  a d d i t i o n ,  t h e  com­
m e r c i a l  i n t r o d u c t i o n  o f  new t y p e s  o f  i o n - e x c h a n g e  r e s i n s ,  
i n c l u d i n g  c h e l a t i n g  r e s i n s  and r e d o x  r e s i n s ,  w i l l  o f f e r  
f u r t h e r  p o s s i b i l i t i e s  f o r  r e s i n  s p o t  t e s t s .
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D. THE SCHEME OF ANALYSIS
The r a i s o n  d ' e t r e  o f  any q u a l i t a t i v e  scheme o f  
a n a l y s i s  i s  i t s  r e l i a b i l i t y  and sp e ed  o f  u s a g e .  Based upon  
t h e s e  c o n s i d e r a t i o n s  i t  was deemed b e s t  t o  u s e  t h e  s p o t  
t e s t  method i n  t h e  d e v e lo p m en t  o f  t h i s  scheme. Some im­
p o r t a n t  a d v a n t a g e s  o f  t h i s  p a r t i c u l a r  t e c h n i q u e  a r e :
1 . t h e  amount o f  sam p le  need e d  i s  s m a l l .
2 . r e a g e n t  q u a n t i t i e s  u s e d  a r e  s m a l l .
3 .  s e p a r a t i o n s  a r e  a v o id e d .  S e p a r a t i o n s ,  e s p e c i a l ­
l y  when t h e y  i n v o l v e  p r e c i p i t a t i o n s ,  a r e  
a lm o s t  a lw ays  i n c o m p l e t e  o r  t h e y  may l e a d  
t o  t h e  l o s s  o f  e l e m e n t s  w h ich  a r e  p r e s e n t  
i n  s m a l l  q u a n t i t i e s .
4 .  u s e  o f  l a r g e  q u a n t i t i e s  o f  f lam m able  o r  t o x i c
m a t e r i a l s  i s  e l i m i n a t e d .
5 .  t h e  d i f f e r e n t  p a r t s  o f  t h e  a n a l y s i s  a r e  i n d e ­
p e n d e n t ,  t h u s  i t  i s  p o s s i b l e  t o  r e p e a t  
any t e s t  u s i n g  t h e  o r i g i n a l  sam ple  
s o l u t i o n ,  w i t h o u t  p r i o r  t r e a t m e n t .
6 . t h e  m ethod i s  i n h e r e n t l y  r a p i d ,  a l s o ,  r e a c t i o n s
w h ic h  d e m o n s t r a t e  t h e  a b s e n c e  o f  an  
e n t i r e  g ro up  o f  e l e m e n t s  a r e  o b v i o u s l y  
e f f e c t i v e  means o f  s a v i n g  t i m e .
7 .  s i n c e  t h e  t e s t s  a r e  i n d e p e n d e n t  o f  one a n o t h e r ,
t h e  method can be im proved  w i t h o u t  d i s -  
t r u b i n g  t h e  r e m a i n d e r  o f  t h e  scheme.
8 . r e a c t i o n s  can  be made q u i t e  s e l e c t i v e  by
c h a n g in g  r e a c t i o n  m e d i a ,  i . e . ,  from s p o t  
p l a t e s ,  f i l t e r  p a p e r ,  i o n - e x c h a n g e  r e s i n ;  
o r  by t h e  a d d i t i o n  o f  m ask in g  a g e n t s  o r  a 
change  i n  pH.
I n  a d d i t i o n ,  a scheme i s  n e ed ed  n o t  j u s t  t o  d e t e c t  
i o n s  p r e s e n t  i n  e q u a l  amounts b u t  r a t h e r  t h e  d e t e c t i o n  o f  
one  i o n  i n  t h e  p r e s e n c e  o f  o t h e r s  when t h e  c o n c e n t r a t i o n  
r a n g e s  o v e r  w ide  r a t i o s .  A p r a c t i c a l  and r e a s o n a b l e  g o a l
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would be t o  d e t e c t  e a c h  m e t a l  i n  t h e  p r e s e n c e  o f  a hundred  
t o  a t h o u s a n d  t im e s  l a r g e r  q u a n t i t y  o f  any o t h e r  m e t a l  o r  
c o m b in a t io n  o f  m e t a l s .  The e x p e r i m e n t a l  a p p ro a c h  t o  t h i s  
g o a l  i s  made l e s s  d i f f i c u l t  u s i n g  s p o t  t e s t s .
I t  was f e l t  t h a t  t h i s  scheme would be more u s e f u l  
i f  i t  c o u ld  be d i v i d e d  i n t o  s i x  t o  e i g h t  g r o u p s ,  e a c h  
g ro u p  c o n s i s t i n g  o f  n o t  more t h a n  se v e n  i o n s .  T h is  was 
c o n s i d e r e d  i d e a l .  In  a c t u a l  p r a c t i c e ,  t h e  scheme c o n s i s t s  
o f  s i x  g r o u p s .  The number o f  i o n s  i n  e a c h  g ro u p  r a n g e  
from t h r e e  t o  f o u r t e e n .  The a v e r a g e  number o f  i o n s  p e r  
g ro u p  i s  e i g h t .
A t h r o u g h  s t u d y  o f  W elch e r  (8 2 )  was made f o r  s u i t ­
a b l e  g ro u p  r e a g e n t s .  The f o l l o w i n g  i t e m s  were  c o n s i d e r e d  
as  b e in g  d e s i r a b l e  i n  a g ro u p  r e a g e n t :
1 . good s e n s i t i v i t y ,  i . e . ,  t h e  a b s o l u t e  amounts o f
io n s  c a p a b l e  o f  d e t e c t i o n  a r e  s m a l l .  
A n o th e r  c o n s i d e r a t i o n  was t h e  r e l a t i v e  
m a g n i tu d e  o f  s e n s i t i v i t y  f o r  e a c h  io n  i n  
a p a r t i c u l a r  g r o u p .  I d e a l l y  t h e r e  s h o u l d  
be a p p r o x i m a t e l y  e q u i v a l e n t  s e n s i t i v i t i e s  
f o r  e a c h  i o n .
2 . s e l e c t i v i t y :  t o o  much o v e r l a p p i n g  o f  i o n s  i n t o
t h e  v a r i o u s  g ro u p s  was c o n s i d e r e d  u n w is e .  
For  e x am p le ,  i f  i r o n  was p r e s e n t  i n  t h e  
s a m p le ,  and i r o n  was i n c l u d e d  i n  t h r e e  
s e p a r a t e  g r o u p s .  T h e re  would be a  p o s i ­
t i v e  t e s t  f o r  e a c h  o f  t h e s e  g r o u p s ,  w h ich  
would o b s c u r e  i n f o r m a t i o n  a b o u t  o t h e r  
i o n s  p o s s i b l y  p r e s e n t  i n  t h e s e  g r o u p s .
In  o t h e r  w o r d s ,  t h e  a b s e n c e  o f  a p o s i t i v e  
t e s t  g i v e s  c o n s i d e r a b l e  i n f o r m a t i o n  a b o u t  
t h e  d e f i n i t e  a b s e n c e  o f  many i o n s .
3. a r e a g e n t  g i v i n g  one d i s t i n c t  p r o d u c t  o r  c o l o r ­
a t i o n  w i t h  t h e  m e t a l  i o n  was c o n s i d e r e d  
i d e a l .  T h is  i s  t o  e l i m i n a t e  d o u b t f u l  
r e s u l t s  due  t o  c o l o r  m ix i n g .
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4 .  r e a g e n t  s t a b i l i t y
5. r e a g e n t  s o l u b i l i t y  i n  w a t e r  o r  a l c o h o l
6 . no c o l o r  change  w i t h  v a r i a t i o n  i n  pH. A r e a g e n t
w h ic h  g i v e s  a c o l o r  change  i n  t h e  con­
d i t i o n i n g  s t a g e  o f  t h e  t e s t  i s  o f  
d o u b t f u l  a n a l y t i c a l  v a l u e .
W i th  t h e  abov e  v ie w  i n  m ind ,  a lm o s t  f o r t y  a n a l y t i c a l  
r e a g e n t s  were  s c r e e n e d  f o r  t h e i r  s u i t a b i l i t y  as g roup  
r e a g e n t s .  S c r e e n i n g  r e a c t i o n s  were  c a r r i e d  o u t  u s i n g  
h y d r o c h l o r i c  a c i d  and ammonia, b o t h  as g a s e s ,  when p a p e r  
was t h e  t e s t  medium. The i n f l u e n c e  o f  pH upon t h e  r e a g e n t  
was n o t e d .  I f  a  r e a c t i o n  t o o k  p l a c e  o n l y  i n  a c i d i c  s o ­
l u t i o n ,  v a r i o u s  a c i d s  were  u se d  t o  n o t e  any d i f f e r e n c e s  
i n  s e n s i t i v i t i e s  o r  t e s t  s t a b i l i t y .  B u f f e r s  o f  v a r y i n g  
h y d r o g e n - i o n  v a l u e s  w ere  a l s o  u s e d  t o  f i n d  t h e  optimum 
t e s t  pH v a l u e .  The u s e  o f  b u f f e r s  p r e s e n t e d  p ro b lem s  w i t h  
many t e s t s .  The v e r y  m a t e r i a l s  n e c e s s a r y  f o r  p r e p a r a t i o n  
o f  t h e  b u f f e r  s o l u t i o n s  r e a c t e d  e i t h e r  by complex f o r ­
m a t i o n  o r  p r e c i p i t a t i o n  w i t h  some o f  t h e  m e t a l  i o n s  b e in g  
t e s t e d .  A f t e r  t h e  e f f e c t  o f  pH was d e t e r m i n e d ,  t h e  a c t i o n  
o f  some o f  t h e  common m ask in g  a g e n t s  w e re  s t u d i e d .
E ach  r e a g e n t  s c r e e n e d  had t o  be c o n s i d e r e d  on i t s  
i n d i v i d u a l  m e r i t s .  T h e re  w ere  a d v a n t a g e s  and d i s a d v a n t a g e s  
f o r  e a c h .  Some r e a g e n t s  r e a c t e d  w i t h  t o o  many i o n s ,  o t h e r s  
w i t h  t o o  few. In  some i n s t a n c e s  t h e  number o f  i o n s  r e ­
a c t i n g  w ere  o f  t h e  p r o p e r  s i z e d  g r o u p ,  b u t  o t h e r  f a c t o r s  
d e c i d e d  a g a i n s t  t h a t  p a r t i c u l a r  r e a g e n t .  Cases  were  ob ­
s e r v e d  where  t h e  r e a g e n t  was s o l u b l e  o n l y  i n  a l c o h o l ,
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a c e t o n e  o r  o t h e r  o r g a n i c  s o l v e n t ,  and t h e  m ix in g  o f  aqueous  
t e s t  s o l u t i o n  and t h e  o r g a n i c  s o l u t i o n  c au se d  p r e c i p i t a t i o n  
o f  t h e  r e a g e n t .
Many p ro b lem s  a s s o c i a t e d  w i t h  t h e  c o l o r s  g i v e n  by 
t h e  r e a g e n t s  t h e m s e l v e s  a r o s e  d u r i n g  t h e  s c r e e n i n g  t e s t s .
A s a t u r a t e d  s o l u t i o n  o f  d i p h e n y l t h i o c a r b a z o n e  gave  a b l u e -  
g r e e n  c o l o r  i n  an a c i d i c  aqueous s o l u t i o n  and an o r a n g e -  
brown c o l o r  i n  an ammoniacal  aqueous s o l u t i o n .  An even  
more p e r p l e x i n g  r e a g e n t  was c a r m i n i c  a c i d  w h ic h  gave  a 
co n t in u um  o f  c o l o r  d e p e n d in g  upon t h e  pH. T h us ,  s t a r t i n g  
a t  a low h y d r o g e n - i o n  c o n c e n t r a t i o n  and i n c r e a s i n g  t h e  b a ­
s i c i t y  o f  t h e  s o l u t i o n  gave  a  s u c c e s s i o n  o f  c o l o r s  r a n g i n g  
from r e d - o r a n g e ,  o r a n g e - r e d ,  r e d ,  p u r p l e - r e d ,  r e d - p u r p l e  
t o  p u r p l e .  T e s t s  p e r f o r m e d  on s o l u t i o n s  w h ic h  were  by 
n e c e s s i t y  o f  h i g h  a c i d i t y  t o  p r e v e n t  h y d r o l y s i s  o f  m e t a l  
i o n s ,  w e re  q u e s t i o n a b l e  u s i n g  t h i s  t y p e  o f  r e a g e n t .  Only 
i n  t h o s e  c a s e s  w here  a  d i s t i n c t i v e  c o l o r  was formed from 
t h e  m e t a l - r e a g e n t  r e a c t i o n  i s  u n e q u i v a c a l  d e t e c t i o n  
p o s s i b l e .
The g ro u p  r e a g e n t s  s e l e c t e d  f o r  t h e  f i n a l  scheme 
g i v e  a o n e - c o l o r  p r e c i p i t a t e  o r  s o l u t i o n .  T h u s ,  t h e  
scheme i n  l e s s  e x p e r i e n c e d  hands s h o u l d  be more d e f i n i t i v e  
and l e s s  d e p e n d e n t  upon s u b j e c t i v e  i n t e r p r e t a t i o n .  Of 
c o u r s e ,  i f  a v a r i e t y  o f  d i f f e r e n t  c o l o r e d  r e a c t i o n  
p r o d u c t s  were  g i v e n  w i t h  t h e  same r e a g e n t s ,  p o s s i b l y  more
i n f o r m a t i o n  a b o u t  t h e  n a t u r e  o f  t h e  unknown c o u ld  be 
o b t a i n e d .
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The c o m p le te  l i s t  o f  r e a g e n t s  s c r e e n e d  i s  g i v e n  i n  
T a b le  I I .
TABLE I I
Compounds S c r e e n e d  f o r  Group R e a g e n ts
1. Sodium r h o d i z o n a t e
2 .  T h io u r e a
3. T h i o a n i l i d e
4 .  8 - H y d r o x y q u i n o l in e
5. p - D i m e t h y la m in o b e n z y l i d e n e r h o d a n i n e
6 . S a l i c y l a l d o x i m e
7 .  Q u i n a l i z a r i n
8 . D i p h e n y l c a r b a z i d e
9. A l i z a r i n  S
10. Sodium t e t r a p h e n y l b o r o n
11. G ly o x a l  b i s ( 2 - h y d r o x y a n i l )
12. D i t h i z o n e  ( d i p h e n y l t h i o c a r b a z o n e )
13. G a l l i c  a c i d
14. Q u i n a l d i c  a c i d
15. Sodium d i e t h y l d i t h i o c a r b a m a t e
16. Am inopyr ine
17. S ta n n o u s  c h l o r i d e
18. 1 , 8 - D i h y d r o x y n a p h t h a l e n e - 3 , 6 - d i s u l f o n i c  a c i d
19. P h e n y l  f l u o r o n e
20.  4 » 5 - D i h y d r o x y n a p h t h a l e n e - 2 , 7 - d i s u l f o n i c  a c i d
21.  T h io a c e t a m id e
22. D i th io o x a m id e
23.  V i o l u r i c  a c i d
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TABLE I I  (c o n t in u e d )
24 . C a rm in ic  a c i d
25. P o t a s s i u m  f e r r o c y a n i d e
26. Morin
27. A l i z a r i n
28. 6 , 7 - D i h y d r o x y n a p h t h a l e n e - 2 - s u l f o n i c  a c i d
29. T an n ic  a c i d
30. P y r o g a l l o l
31. E r io c h ro m e  b l a c k  T
32. Z in co n
33. l - ( 2 - P y r i d y l a z o ) - 2 - n a p h t h o l
34 . 4 - ( 2 - P y r i d y l a z o ) r e s o r c i n o l
35 . B e n z i d in e
36. P y r o c a t e c h o l  v i o l e t
37. T e t r a h y d r o x y - p - b e n z o q u i n o n e
A f t e r  s c r e e n i n g  t h e  r e a g e n t s  l i s t e d  i n  T a b le  I I ,  
t h e  f o l l o w i n g  g ro u p  r e a g e n t s  were  c h o s e n :
1 . b e n z i d i n e
2 . p h e n y l  f l u o r o n e
3 .  m o r in
4 .  s t a n n o u s  c h l o r i d e
5. g l y o x a l  b i s ( 2 - h y d r o x y a n i l )
6 . sod ium  t e t r a p h e n y l b o r o n
P r e l i m i n a r y  e x p e r i m e n t s  w ere  t h e n  c a r r i e d  o u t  w i t h  
t h e s e  g ro u p  r e a g e n t s  i n  w h ic h  t h e  b e s t  r e a c t i o n  m ed ia  was 
s e l e c t e d ,  t h e  p r o p e r  pH v a l u e  j u d g e d ,  t h e  n e c e s s a r y
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m ask ing  a g e n t s  c h o s e n ,  and t h e  m a n i p u l a t i v e  t e c h n i q u e s , so  
e s s e n t i a l  i n  s p o t  t e s t  w ork ,  were  l e a r n e d .  In  c o n j u n c t i o n  
w i t h  t h e s e  p r e l i m i n a r y  e x p e r i m e n t s ,  a s u r v e y  was made o f  
t h e  l i t e r a t u r e  t o  l e a r n  t h e  t e c h n i q u e s  u s e d  p r e v i o u s l y  
w i t h  t h e s e  r e a g e n t s .
The f i n a l i z e d  p r o c e d u r e  f o r  an unknown u s i n g  t h e  
g ro u p  d e t e c t i o n  scheme f o l l o w s .  A d i s c u s s i o n  o f  t h e  
c h e m i s t r y  o f  e a c h  g ro u p  r e a c t i o n  i s  g i v e n  i n  S e c t i o n  G.
The o r d e r  i n  w h ic h  t h e  g ro u p s  a r e  a n a l y z e d  i s  n o t  
c r i t i c a l .  Each  g ro u p  s t a n d s  as a s e p a r a t e  e n t i t y .  How­
e v e r ,  from a s u r v e y  o f  t h e  t a b l e s  o f  i n t e r f e r e n c e  s t u d i e s ,  
i t  a p p e a r s  t h a t  c e r t a i n  i o n s  a r e  more t r o u b l e s o m e  t h a n  
o t h e r s .  In  g e n e r a l ,  t h e s e  i n t e r f e r e n c e s  a r e  t h e  o b v io u s  
ones  c a u se d  by p r e c i p i t a t i o n  o f  an i n s o l u b l e  compound, 
c o m p l e x a t i o n ,  o x i d a t i o n - r e d u c t i o n  phenomena o r  due  t o  t h e  
d a r k  c o l o r  o f  t h e  i n t e r f e r i n g  i o n .  T he re  a r e  few i n t e r ­
f e r e n c e s  t h a t  c o u ld  n o t  be p r e d i c t e d  from a b a s i c  
k now ledge  o f  t h e  c h e m i s t r y  i n v o l v e d .  I n  a d d i t i o n ,  many o f  
t h e  i o n s  c a u s i n g  i n t e r f e r e n c e  a r e  t h o s e  t h a t  would be 
c o n s i d e r e d  uncommon and t h e r e f o r e  n o t  o r d i n a r i l y  e n ­
c o u n t e r e d  i n  t h e  m a j o r i t y  o f  s a m p le s .
PROCEDURES FOR GROUP QUALITATIVE ANALYSIS
A. BENZIDINE
P r o c e d u r e
1. P l a c e  a d r o p  o f  t e s t  s o l u t i o n  ( u s e  1M HC1 f o r  a 
b l a n k )  on a s p o t  p l a t e .
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2. Add 1 d ro p  o f  107, H2 O2 , m ix.
3. P l a c e  1 d r o p  o f  2M NaOH on S & S No. 595 f i l t e r  
p a p e r .
4 .  P l a c e  a d ro p  o f  t h e  m i x t u r e  from s t e p  2 on to p  
o f  t h e  NaOH s p o t  on t h e  f i l t e r  p a p e r .
5 . Add a d r o p  o f  b e n z i d i n e  t o  t h i s  s p o t .
I d e n t i f i c a t i o n  C h a r a c t e r i s t i c s
A b l u e  o r  p u r p l e  c o l o r  i n d i c a t e s  a p o s i t i v e  t e s t  f o r
C o ( I I ) ,  N i ( I I ) ,  M n ( I I ) , P b ( I I ) ,  T 1 ( I ) ,  C e ( I I I ) ,
C e ( I V ) , A u ( I I I ) ,  I r ( I V ) ,  P t ( I V ) ,  R u ( I I I ) ,  A g ( I ) ,
Fe(CN)6 " 3 , Cr04" 2 .
T e s t  S o l u t i o n s
1. B e n z i d in e ,  1% i n  3M CH3 COOH
2. NaOH, 2M
3. H2 0 2 , 10%
4 .  HC1, 1M
L i m i t a t i o n s
1. The i n t e r f e r e n c e s  e n c o u n t e r e d  i n  t h i s  g ro u p  a r e  
few; n i n e  i o n s  have  no i n t e r f e r e n c e s .  The 
maximum number o f  i n t e r f e r i n g  i o n s  was se v e n  
w i t h  s i l v e r :  S "2 , S2 0 3 ~2 , CN", SCN", I " ,  B r" ,  
and C l" .  A l l  o f  t h e s e  p r e c i p i t a t i o n  and 
c o m p l e x a t io n  r e a c t i o n s  a r e  w e l l  known and c o u ld  
be e a s i l y  p r e d i c t e d .
2 .  S e n s i t i v i t y  i s  n o t  as g r e a t  f o r  n i c k e l ,  l e a d ,
t h a l l i u m ,  p l a t n i u m ,  i r i d i u m ,  r u t h e n i u m ,  osmium 
and s i l v e r  as  f o r  t h e  o t h e r  g ro u p  i o n s .
3. N i t r i t e  i o n  i s  a g e n e r a l  i n t e r f e r e n c e  b u t  can  be 
e a s i l y  e l i m i n a t e d  w i t h  t h e  a d d i t i o n  o f  a few 
c r y s t a l s  o f  s u l f a m i c  a c i d .
Remarks
1. I f  t h e  d r o p s  o f  s o l u t i o n s  a r e  k e p t  s m a l l  as 
t h e y  a r e  p u t  on t h e  f i l t e r  p a p e r ,  t h u s  p r e ­
v e n t i n g  u n n e c e s s a r y  s p r e a d i n g ,  t h e  s e n s i t i v i t y  
o f  t h e  t e s t  w i l l  be en han c ed .
2. Under t h e  s t a t e d  t e s t  c o n d i t i o n s ,  C r ( I I I )  i s  
o x i d i z e d  t o  CrO^"2 , 1“ t o  1 0 ^ " ,  and Fe(CN)^”^ 
t o  Fe(CN)g“ ^ ,  a l l  o f  w h ich  g i v e  a p o s i t i v e  t e s t .
3. I f  t h e  c o n c e n t r a t i o n  o f  t e s t  i o n  i s  r e l a t i v e l y  
low, t h e  b l u e  r i n g  formed i s  q u i t e  d i f f u s e d  and 
i s  more e a s i l y  s e e n  as t h e  p a p e r  d r y s .
4 .  B e n z i d in e  i s  o x i d i z e d  by c u p r i c  i o n  when t h e  
f o l l o w i n g  io n s  a r e  p r e s e n t :  I ” , B r" ,  C l~ ,  CNO” , 
SCN" and CN". The o x i d a t i o n  p o t e n t i a l  o f  c u p r i c  
i o n s  i s  enh an c ed  by t h e  f o r m a t i o n  o f  t h e  c o r r e ­
s p o n d in g  i n s o l u b l e  c u p ro us  s a l t s .
5 .  Io n s  g i v i n g  d a rk  p r e c i p i t a t e s  o r  c o l o r s ,  e . g . ,  
Fe+^ ,  Pd+ 2 , Cu+ 2 , WO^"2 , M0 O4 " 2 , do n o t  i n t e r ­
f e r e  s i n c e  t h e  t e s t  i o n  d i f f u s e s  o u t w a r d l y  on 
t h e  p a p e r  fo rm in g  a b l u e  r i n g  w i t h  t h e  
b e n z i d i n e .
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6 . I o d a t e ,  p e r s u l f a t e ,  c h l o r a t e  and  p e r i o d a t e  a l s o  
g i v e  p o s i t i v e  t e s t s  w i t h  b e n z i d i n e .
B. STANNOUS CHLORIDE 
P r o c e d u r e
1. P l a c e  a  d r o p  o f  t e s t  s o l u t i o n  on a w h i t e  s p o t  
p l a t e .
2 .  Add a d r o p  o f  S n C ^  s o l u t i o n ,  m ix .
I d e n t i f i c a t i o n  C h a r a c t e r i s t i c s
The f o l l o w i n g  c o l o r s  a r e  o b t a i n e d  i n  a p o s i t i v e  
r e a c t i o n :  H g ( I )  ( g r a y - b l a c k ) ,  H g ( I I )  ( b l a c k ) ,  P t ( I V )  
( o r a n g e - b r o w n ) ,  P d ( I I )  ( b l a c k - b r o w n ) ,  A u ( I I I )  
( b l a c k ) ,  SeO-j-^ and SeO^” ^ ( r e d ) ,  and Te0 3 “ ^
( b l a c k ) .
T e s t  S o l u t i o n s
SnC l 2 » 207o i n  c o n c e n t r a t e d  HC1 
L i m i t a t i o n s
O
The m ost  t r o u b l e s o m e  i n t e r f e r i n g  i o n s  a r e :  S , 
an<* A H  o f  t h e s e  i o n s  i n t e r f e r e  i n
t h r e e  t e s t s  w i t h  g ro u p  i o n s .  V a n a d a te  and  c y a n i d e  
i n t e r f e r e  i n  two t e s t s ,  w h i l e  s i x  o t h e r  i o n s  i n t e r ­
f e r e  i n  s i n g l e  t e s t s .
Remarks
The s t a n n o u s  c h l o r i d e  r e a g e n t  s h o u l d  be f r e s h l y  
p r e p a r e d  a s  i t  g r a d u a l l y  l o s e s  i t s  r e d u c i n g  a b i l i t y .
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C. PHENYL FLUORONE 
P r o c e d u r e
1. P l a c e  1 d r o p  o f  t e s t  s o l u t i o n  on S & S No. 595 
f i l t e r  p a p e r  ( u s e  1M HC1 f o r  t h e  b l a n k ) .
2 .  Add 1 d r o p  o f  p h e n y l  f l u o r o n e  s o l u t i o n .
3.  Expose  t o  NH3  fumes ( f ro m  15M NH^OH).
4 .  Add a n o t h e r  d r o p  o f  p h e n y l  f l u o r o n e  s o l u t i o n  t o  
t h e  o r i g i n a l  s p o t .
5 . Add 1 d r o p  o f  1M HC1 t o  e a c h  s p o t .
I d e n t i f i c a t i o n  C h a r a c t e r i s t i c s
A p o s i t i v e  t e s t  i s  i n d i c a t e d  by an o r a n g e - r e d  c o l o r .  
The f o l l o w i n g  i o n s  a r e  p o s i t i v e :  G e ( IV ) ,  S b ( I I I ) ,  
S n ( I I ) ,  S n ( I V ) ,  T i ( I V ) ,  Z r ( I V ) ,  W(VI) and Mo(VI).
The b l a n k  t e s t  l e a v e s  a y e l l o w  s p o t .
T e s t  S o l u t i o n s
1. P h e n y l  f l u o r o n e ,  s a t u r a t e d  i n  CH3 OH
2. HC1, 1M
3. NH4OH, 15M
L i m i t a t i o n s
1. T h e re  a r e  o n l y  a l i m i t e d  number o f  i n t e r f e r i n g  
i o n s  i n  t h i s  g r o u p ;  F“ and HP04 “ ^ i n t e r f e r e  i n
_ 9  _  _  A
two t e s t s ,  w h i l e  S , BrO-j” and ^ 2 ^ 7 ” i n t e r f e r e  
i n  s i n g l e  t e s t s .
2 .  P d ( I I ) ,  R u ( I I I )  and I r ( I V )  l e a v e  a brown s p o t  
t h a t  would  n o t  i n t e r f e r e  when t h e  g ro u p  io n s
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a r e  r e l a t i v e l y  c o n c e n t r a t e d ,  b u t  c o u ld  be m i s ­
l e a d i n g  i n  more  d i l u t e  s o l u t i o n s .
Remarks
1.  An a d v a n t a g e  o f  u s i n g  f i l t e r  p a p e r  as a t e s t  
medium i s  t h a t  s o l u t i o n s  h a v in g  i n h e r e n t  c o l o r s  
would  i n t e r f e r e  on a s p o t  t e s t  w h i l e  on p a p e r  
t h i s  c o l o r  w i l l  g e n e r a l l y  d i f f u s e  o u t w a r d l y  
a l l o w i n g  t h e  t e s t  c o l o r  t o  be e a s i l y  d i s ­
t i n g u i s h e d .
2 .  The i n t e r f e r e n c e s  due  t o  MnO^", IOg" and VO3 ”
a r e  e a s i l y  e l i m i n a t e d  by t h e  a d d i t i o n  o f  a p i n c h
o f  a s c o r b i c  a c i d .
D. MORIN
P r o c e d u r e
1. P l a c e  1 d r o p  o f  t h e  t e s t  s o l u t i o n  on a s p o t  
p l a t e .
2 .  Add d r o p w i s e  s u f f i c i e n t  2M NaHCOg t o  n e u t r a l i z e  
any e x c e s s  a c i d i t y  o f  t h e  t e s t  s o l u t i o n .
3 .  Add s e v e r a l  d r o p s  o f  3M CHgCOOH
4 .  Add a s m a l l  amount o f  a s c o r b i c  a c i d ,  m ix .
5 .  Add a d r o p  o f  m o r in  s o l u t i o n
6 . Add 1 d r o p  o f  p - d i o x a n e
7 .  P l a c e  t h e  s p o t  p l a t e  u n d e r  an u l t r a v i o l e t  l i g h t .
I d e n t i f i c a t i o n  C h a r a c t e r i s t i c s
A g r e e n - y e l l o w  f l u o r e s c e n c e  u n d e r  u l t r a v i o l e t  l i g h t
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i s  a  p o s i t i v e  t e s t  f o r  A l ( I I I ) ,  B e ( I I ) ,  Y ( I I I ) ,
I n ( I I I ) , T h ( I V ) ,  G a ( I I I ) ,  Z r ( IV )  and S c ( I I I ) .
T e s t  S o l u t i o n s
1.  M o r in ,  0 .17o i n  C2 H^0 H
2. NaHC03 , 2M
3.  CH3 COQH, 3M
L i m i t a t i o n s
1. Those  i o n s  c h a r a c t e r i z e d  by good s e n s i t i v i t y  
have  r e l a t i v e l y  few i n t e r f e r e n c e s .  In  f a c t  t h e  
o n l y  i o n  a f f e c t e d  t o  any e x t e n t  by i n t e r f e r e n c e s  
i s  Y ( I I I ) .
2 .  In  g e n e r a l ,  t h e  f o l l o w i n g  i o n s  a r e  t r o u b le s o m e  
t h r o u g h o u t  t h e  e n t i r e  g r o u p :  f l u o r i d e  ( 6  t e s t s ) ,  
m o ly b d a te  (5  t e s t s ) ,  o x a l a t e  and p y r o p h o s p h a t e  
(4  t e s t s ) ,  p h o s p h a t e  and e t h y l e n e d i a m i n e t e t r a -  
a c e t a t e  (3  t e s t s ) .
3 .  Lanthanum g i v e s  a  weak f l u o r e s c e n c e  w i t h  m o r in  
i n  r e l a t i v e l y  c o n c e n t r a t e d  s o l u t i o n s .  However, 
due  t o  t h e  l a c k  o f  s e n s i t i v i t y  and t h e  numerous 
i n t e r f e r e n c e s  (more t h a n  2 0  i o n s ) ,  i t  i s  n o t  
i n c l u d e d  as  a  g ro u p  i o n .
4 .  A s c o r b i c  a c i d  can  be u s e d  t o  remove t h e  i n t e r ­
f e r e n c e s  o f  F e ( I I I ) ,  A u ( I I I ) ,  MnO^-  and CrO^"^.
Remarks
1. Any e x c e s s  a c i d i t y  s h o u l d  be n e u t r a l i z e d  w i t h  a
s m a l l  amount o f  s o l i d  NaHCO^, o t h e r w i s e  t h e  
s e n s i t i v i t y  o f  t h e  t e s t  i s  d e c r e a s e d .
2 .  A l l  a l k a l i n e  s o l u t i o n s  m ust  be n e u t r a l i z e d  w i t h  
a c e t i c  a c i d ,  s i n c e  m o r in  i t s e l f  f l u o r e s c e s  a t  
h i g h  pH v a l u e s .
3.  The a d d i t i o n  o f  p - d i o x a n e  e n h an c es  t h e  f l u o ­
r e s c e n c e  g i v e n  by t h e  g ro u p  i o n s .
GLYOXAL BIS(2-HYDROXYANIL)
P r o c e d u r e
1. P l a c e  1 d r o p  o f  t e s t  s o l u t i o n  on a w h i t e  s p o t  
p l a t e .
2 .  Add 1 d ro p  o f  KCN (20%, a q u e o u s ) ,  m ix .
3.  Add 1 d ro p  o f  6 M NaOH.
4 .  Add 2 d ro p s  o f  GBHA r e a g e n t .
5 .  Add 1 d r o p  o f  Mg^ 0 3 ) 2  s o l u t i o n ,  m ix .
I d e n t i f i c a t i o n  C h a r a c t e r i s t i c s
A r e d  o r  r e d - p u r p l e  p r e c i p i t a t e  i n d i c a t e s  a p o s i t i v e
t e s t  f o r  C a ( I I ) , S r ( I I ) ,  and B a ( I I ) .
T e s t  S o l u t i o n s
1. G ly o x a l  b i s ( 2 - h y d r o x y a n i l ) , s a t u r a t e d  i n  C2 H5 OH
2. KCN, 207o aqueous
3 .  NaOH, 3M
4 .  Mg(N0 3 ) 2 > 1% aqueous
L i m i t a t i o n s
1. The f o l l o w i n g  io n s  were  found  t o  be
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i n t e r f e r e n c e s  f o r  a l l  t h r e e  i o n s :  B e ( I I ) ,  
F e ( I I I ) ,  Z r ( I V ) ,  C r ( I I I )  and HP04 “ 2 . I n t e r ­
f e r i n g  i n  two t e s t s  w e re :  CO3 " 2 , S i 0 3 _ 2 , EDTA, 
S n ( I V ) ,  P b ( I I )  and V (IV ) .
Remarks
1. The a d d i t i o n  o f  M g ( I I )  i o n  was fo u nd  t o  i n c r e a s e  
t h e  s e n s i t i v i t y  o f  t h e  g ro u p  r e a c t i o n ,  e s p e c i a l ­
l y  f o r  t h e  B a ( I I )  i o n .
2 .  I t  i s  a d v i s a b l e  t o  c a r r y  a  b l a n k  t e s t  t h r o u g h  
f o r  d i r e c t  c o m p a r i s o n .
3.  W i th  v e r y  d i l u t e  s o l u t i o n s  t h e  t e s t s  d e v e l o p  
s l o w l y ,  a m in u t e  o r  so  s h o u l d  be a l l o w e d  f o r  i t s  
f u l l  d e v e l o p m e n t .
4 .  The g ro u p  t e s t s  w e re  a t t e m p t e d  u s i n g  f i l t e r  
p a p e r  a s  t h e  t e s t  medium b u t  r e s u l t s  w ere  n o t  
s a t i s f a c t o r y .
F. SODIUM TETRAPHSNYLBORON
P r o c e d u r e
1. P l a c e  1 d r o p  o f  t e s t  s o l u t i o n  on a b l a c k  s p o t
p l a t e .
2 . Add 1 d r o p  o f  Na2 S2 0 3  m ask ing  s o l u t i o n ,  m ix .
3.  Add 1 d r o p  o f  a c e t a t e  b u f f e r  s o l u t i o n ,  m ix .
4 .  Add 1 d r o p  o f  sodium t e t r a p h e n y l b o r o n  s o l u t i o n .
I d e n t i f i c a t i o n  C h a r a c t e r i s t i c
A w h i t e  p r e c i p i t a t e  i s  i n d i c a t i v e  o f  t h e  p o s i t i v e
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t e s t  g i v e n  by K+ , Rb+ , Cs + , NĤ 4  and T l + .
T e s t  S o l u t i o n s
1. Sodium t e t r a p h e n y l b o r o n ,  s a t u r a t e d  aqueous
2 .  Na2 S2 C>3 , 107, aqueous
3. A c e t a t e  b u f f e r ,  pH 6
L i m i t a t i o n s
T h e re  w ere  no i n t e r f e r e n c e s  e n c o u n t e r e d  i n  t h i s
g ro u p  u n d e r  t h e  s t a t e d  t e s t  c o n d i t i o n s .
Remarks
Any e x c e s s  a c i d i t y  o f  t h e  t e s t  i o n  s o l u t i o n  s h o u l d
be n e u t r a l i z e d  w i t h  a s m a l l  amount o f  s o l i d  NaHCO^.
E. INTERFERENCE STUDIES
U t i l i z i n g  t h e  f i n a l i z e d  p r o c e d u r e  a s  g i v e n ,  a com­
p l e t e  s t u d y  o f  i n t e r f e r e n c e s  was made on e a c h  i o n  i n c l u d e d  
i n  t h i s  schem e .  The r e s u l t s  o f  t h i s  s t u d y  a r e  g i v e n  i n  
T a b l e  I I I .  I n  t h e  m a j o r i t y  o f  c a s e s ,  t h e  i n t e r f e r e n c e s  
e x p e r i e n c e d  w ere  due t o  t h e  p r e s e n c e  o f  a n i o n s ,  w h ic h  
would  o r  c o u ld  have  been  removed i n  t h e  d i s s o l u t i o n  o f  t h e  
s a m p le ,  r e m o v a l  o f  o r g a n i c  m a t t e r ,  o r  o t h e r  s p e c i a l i z e d  
t r e a t m e n t s .  As m e n t i o n e d  b e f o r e ,  i n  c a s e s  w here  a n io n s  
a r e  known t o  be p r e s e n t  i n  t h e  sam ple  t h a t  form com plexes  
w h ic h  a r e  e x c e e d i n g l y  s t a b l e ,  e . g . ,  a luminum ( I I I )  i o n  and 
f l u o r i d e  i o n  t o  g i v e  h e x a f l u o r o a l u m i n a t e  ( I I I )  i o n ,  t h e  
f l u o r i d e  i o n  s h o u l d  n o t  be c a l l e d  an i n t e r f e r e n c e ,  s i n c e  
i n  a c t u a l i t y  we a r e  n o t  a t  any t im e  d e a l i n g  w i t h  t h e
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c h e m ic a l  s p e c i e s  A1 +^ b u t  r a t h e r  a lw ays  w i t h  AlFg” ^ ,  w h ich  
e x i s t s  as a d i s t i n c t  c h e m ic a l  e n t i t y  and s h o u l d  be c o n ­
s i d e r e d  as  s u c h .
I n t e r f e r e n c e  s t u d i e s  were  c a r r i e d  o u t  u s i n g  t h e  t e s t  
p r o c e d u r e s  o u t l i n e d  i n  t h e  f i n a l  scheme o f  a n a l y s i s .  A 
d ro p  o f  t h e  m e t a l  i o n  s o l u t i o n  ( 1 0  mg. m e t a l  i o n / m l . )  whose 
i n t e r f e r e n c e  was t o  be s t u d i e d  was mixed w i t h  a d r o p  o f  t h e  
t e s t  i o n  (1 mg. m e t a l  i o n / m l . ) .  A d ro p  o f  t h i s  m i x t u r e  was 
t h e n  c o n d u c te d  t h r o u g h  t h e  f i n a l  schem e.  In  some c a s e s ,  
due  t o  t h e  l a c k  o f  s e n s i t i v i t y  o f  a  p a r t i c u l a r  i o n ,  
s o l u t i o n s  o f  t e s t  i o n s  o f  s l i g h t l y  h i g h e r  c o n c e n t r a t i o n s  
had t o  be u t i l i z e d  i n  t h e  i n t e r f e r e n c e  s t u d i e s .  Such 
c hang es  a r e  n o t e d  i n  t h e  t a b l e s  sum m ar iz in g  t h e  i n t e r ­
f e r e n c e  s t u d i e s .
A p o s i t i v e  i n t e r f e r e n c e  i s  d e f i n e d  ( 8 3 )  as a f a l s e  
t e s t  g i v e n  by an i n t e r f e r i n g  s u b s t a n c e  i n  t h e  a b s e n c e  o f  
t h e  t e s t  i o n .  When t h e  i n t e r f e r i n g  s u b s t a n c e  p r e v e n t s  a 
t r u e  t e s t  from t a k i n g  p l a c e  when t h e  t e s t  i o n  i s  a c t u a l l y  
p r e s e n t ,  we have  a  n e g a t i v e  i n t e r f e r e n c e .
I n  many c a s e s ,  n e g a t i v e  i n t e r f e r e n c e s  were  c a u se d  
by d a r k  c o l o r s  i n h e r e n t  t o  t h e  p a r t i c u l a r  i n t e r f e r i n g  i o n .  
For e x a m p le ,  R u ( I I I ) ,  I r ( I V ) ,  P d ( I I ) ,  and MnO^” p r e s e n t e d  
d i f f i c u l t i e s  i n  t h i s  m an n e r .  I n  a c t u a l  p r a c t i c e ,  how ev er ,  
t h e s e  i o n s  would p r e s e n t  no s e r i o u s  p r o b le m .  The v e r y  
f a c t  t h a t  t h e y  a r e  i n t e n s e l y  c o l o r e d  i n  r e l a t i v e l y  c o n c e n ­
t r a t e d  s o l u t i o n s  i s  i n d i c a t i o n  enough o f  t h e i r  p r o b a b l e  
i n t e r f e r e n c e .  A c c o r d i n g l y ,  a p p r o p r i a t e  s t e p s  can be t a k e n
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t o  e l i m i n a t e  t h e i r  e f f e c t .
A n o th e r  f a c t  t h a t  was r e p e a t e d l y  b r o u g h t  t o  mind was 
t h a t  many i o n s  m ust  be k e p t  i n  s o l u t i o n s  o f  low pH o r  t h e y  
w i l l  h y d r o l y z e .  In  t h e  p r o c e s s  o f  t e s t i n g  f o r  t h e  v a r i o u s  
i o n s ,  due t o  r e q u i r e m e n t s  o f  s e l e c t i v i t y  and s e n s i t i v i t y ,  
pH v a l u e s  m ust  be a d j u s t e d  t o  t h e  a p p r o p r i a t e  l e v e l .  If,  
p r e c i p i t a t i o n  o c c u r s  when t h e  pH o f  t h e  t e s t  s o l u t i o n  i s  
b e in g  a l t e r e d ,  t h i s  a t t e s t s  t o  t h e  p r e s e n c e  o f  c e r t a i n  i o n s  
c h a r a c t e r i z e d  by t h i s  p a r t i c u l a r  p r o p e r t y .
The t h i r d  t y p e  o f  i n t e r f e r e n c e  commonly met i s  t h a t  
o f  c o m p l e x a t io n  due  t o  t h e  p r e s e n c e  o f  c e r t a i n  s p e c i e s ,  
e . g . ,  F“ , CN“ , C2 0 ^ ” ^ ,  and 3 2 0 3 “ ^ .  I t  has  been  p o i n t e d  
o u t  t h a t  t h e s e  s p e c i e s  f u n d a m e n t a l l y  a l t e r  t h e  o r i g i n a l  
s p e c i e s  i n t o  a  s t a b l e  e n t i t y  w i t h  i t s  own c h a r a c t e r i s t i c  
c h e m ic a l  r e a c t i v i t y .
The two m e t a l s  p o s s e s s i n g  t h e  g r e a t e s t  a b i l i t y  t o  
r e a c t  w i t h  a n a l y t i c a l  r e a g e n t s  a r e  i r o n  and c o p p e r .  
I n t e r e s t i n g l y  enou g h ,  n e i t h e r  a r e  i n c l u d e d  i n  t h i s  scheme. 
The o n l y  o t h e r  common io n s  n o t  i n c l u d e d  a r e  M g ( l l ) ,
C d ( I I ) ,  Z n ( I I ) ,  B i ( I I I ) ,  and A s(V ) .  T h is  i s  n o t  a s e r i o u s  
d e f i c i e n c y  o f  t h e  scheme how ever ,  s i n c e  a l l  o f  t h e s e  io n s  
can  be t e s t e d  f o r  i n d i v i d u a l l y  q u i t e  e a s i l y .
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TABLE II I -A
INTERFERENCE STUDIES
GROUP REAGENT: B en z id in e
REACTING SPECIES: C o ( I I ) ,  N i ( I I ) ,  M n ( I I ) ,  P b ( I I ) ,
T l ( I ) , C e ( I I I ) ,  C e ( IV ) ,  A u ( I I I ) ,  I r ( I V ) ,  P t ( I V ) ,  
O s ( V I I I ) ,  R u ( I I I ) , A g ( I ) ,  Fe(CN)6 - 3 , Cr04” 2 , Mn04 " .
NON-REACTING SPECIES: L i ( I ) ,  N a ( I ) ,  K ( I ) ,  R b ( I ) ,  C s ( I ) ,
C u ( I I ) ,  B e ( I I ) ,  M g ( I I ) ,  C a ( I I ) , S r ( I I ) ,  B a ( I I ) ,
Z n ( I I ) , C d ( l l ) ,  H g ( I ) ,  H g ( I I )  , B02‘ , B4 0 7" 2 , 
A l ( I I I ) ,  G a ( I I I ) ,  C03' 2 , S i 0 3" 2 , T i ( I V ) ,  G e ( IV ) ,  
Z r ( I V ) ,  S n ( l l ) ,  S n ( I V ) ,  T h ( I V ) ,  NH4+ , N O -f , P 2 ° 7 " 4 ’ 
As( 111) , A s ( V ) , S b ( I I I ) ,  S b ( V ) , B i ( I I I ) ,  S03” 2 , 
S04 ” 2 , Se03" 2 , Se04 ’ 2 , Mo04 “ 2 , TeO-j” 2 , Te04” 2 , F” , 
C104 “ , Br03 ‘ , F e ( I I I ) ,  R h ( I I I ) ,  P d ( I I ) ,  a c e t a t e ,  
o x a l a t e ,  m a l o n a t e ,  s u c c i n a t e ,  t a r t r a t e ,  c i t r a t e .
INTERFERENCES:
Group Ions I n t e r f e r i n g  Ions
1. C o ( I I ) None
2 .  P b ( I I ) None
3 .  N i ( I I ) wo4 *2 , uo4 + 2
4 .  M n ( I I ) None
5 .  T I ( I ) HP04 ’ 2 , S“ 2 , edta
6 . C e ( I I I ) q - 2  S O ” 2s  , s>2 3
7 .  Ce(IV) None
8 . A u ( I I I ) None
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TABLE I I I -A  (c o n t in u e d )
Group Ion s  I n t e r f e r i n g  Ions
9 .  I r ( I V )  None
10. P t ( I V )  None
11. R u ( I I I )  None
12. A g ( I )  S "2 , S2 0 3“ 2 , C l " ,
B r" ,  I " ,  CN", SCN"
13. CrO^ " 2  None
14. O s ( V I I I )  None
REMARKS:
1. B e n z id in e  i s  a l s o  r e p o r t e d  o x i d i z e d  by i o d a t e ,  
p e r i o d a t e ,  p e r s u l f a t e  and c h l o r a t e .  However,  
u n d e r  t h e  s t a t e d  t e s t  c o n d i t i o n s ,  t h e r e  was no 
o b s e r v e d  o x i d a t i o n  o f  b e n z i d i n e  by any o f  t h e s e  
i o n s .
2 .  Some i o n s ,  w h i l e  u n r e a c t i v e  t o w a rd  b e n z i d i n e  
t h e m s e l v e s ,  a r e  o x i d i z e d  by t h e  p e r o x i d e  t o  
p r o d u c t s  w h ic h  a r e  r e a c t i v e .  Thus i o d i d e ,  
c h ro m ic  and f e r r o c y a n i d e  i o n s ,  upon o x i d a t i o n ,  
a l l  g i v e  p r o d u c t s  w h ic h  r e a d i l y  o x i d i z e  b e n z i ­
d i n e .
3 .  N i t r i t e  i o n  i s  an i n t e r f e r e n c e  a f f e c t i n g  a l l  
g ro u p  i o n s .  T h i s  i s  due  t o  t h e  f o r m a t i o n  o f  a 
r e d d i s h - b r o w n  c o l o r a t i o n ,  w h ic h  e f f e c t i v e l y  
masks t h e  b e n z i d i n e  c o l o r .  T h i s  i n t e r f e r e n c e  
can  be c o m p l e t e l y  e l i m i n a t e d  by t h e  a d d i t i o n
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TABLE I I I - A  ( c o n t i n u e d )  
o f  a few c r y s t a l s  o f  s u l f a m i c  a c i d .
4 .  S e v e r a l  i o n s  p r e s e n t  d i f f i c u l t i e s  due t o  
c o l o r e d  p r o d u c t s  formed d u r i n g  t h e  t e s t ,  e . g . ,  
f e r r i c  i o n  forms f e r r i c  h y d r o x id e  and p a l l a d i ­
um ( I I )  i o n  forms a d a rk  brown p r e c i p i t a t e  and 
s o l u t i o n ,  b u t  t h e  t e s t  i o n  u s u a l l y  d i f f u s e s  
o u t w a r d l y  and a  p o s i t i v e  r e a c t i o n  i s  r e a d i l y  
s e e n .
5 .  E x ce ss  a c i d i t y  o f  t h e  t e s t  i o n  s o l u t i o n  s h o u ld  
be n e u t r a l i z e d  w i t h  t h e  minimum amount o f  s o l i d  
Na2 C0 3  b e f o r e  a t t e m p t i n g  t h e  g ro u p  t e s t .
6 . Due t o  d i f f e r e n c e s  i n  s e n s i t i v i t i e s  o f  t h e  
g ro u p  i o n s ,  v a r y i n g  c o n c e n t r a t i o n s  o f  t e s t  i o n  
s o l u t i o n s  had t o  be employed i n  t h e  i n t e r ­
f e r e n c e  s t u d i e s .  The f o l l o w i n g  i o n s  l a c k e d  
s e n s i t i v i t y  and s o l u t i o n s  h a v in g  c o n c e n ­
t r a t i o n s  o f  5 m i l l i g r a m  m e t a l  i o n  p e r  
m i l l i l i t e r  w ere  u s e d :  N i ( I I ) ,  P b ( I I ) ,  T 1 ( I ) ,  
C e ( I I I ) ,  O s ( V I I I )  and A g ( I ) .  For  a l l  o t h e r  
g ro u p  i o n s ,  s o l u t i o n s  c o n t a i n i n g  1 m i l l i g r a m  
m e t a l  i o n  p e r  m i l l i l i t e r  w ere  u s e d .
TABLE I I I - B
INTERFERENCE STUDIES
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GROUP REAGENT: Stannous C h lo r id e
REACTING SPECIES: H g ( I ) ,  H g ( I I ) ,  Se03~2 , Se04 “ 2 ,
Te03“ 2 , P d ( I I ) ,  P t ( I V ) ,  A u ( I I I ) .
NON-REACTING SPECIES: L i ( I ) ,  N a ( I ) ,  K ( I ) ,  R b ( I ) ,  C s ( I ) ,
C u ( I I ) ,  A g ( I ) , B e ( I I ) ,  M g ( I I ) ,  Ca ( 11 ) , S r ( I I ) ,  
B a ( I I ) ,  Z n ( I I ) ,  C d ( I I ) ,  B02 “ , B4 07 " 2 , A l ( I I I ) ,
G a ( I I I ) , C e ( I I I ) ,  C e ( IV ) ,  T l ( I ) ,  C03" 2 , S i 0 3“ 2 , 
T i ( I V ) ,  G e ( I V ) ,  Z r ( I V ) , S n ( I I ) ,  S n ( I V ) ,  P b ( I I ) ,  
T h ( I V ) ,  NH4 + , N03“ , HP04 " 2 , P2 C>7 " 4 » A s ( I I I ) ,  A s(V ) ,  
S b ( I I I ) ,  S b ( V ) , B i ( I I I ) ,  S03" 2 , S04 “ 2 , C r ( I I I ) ,  
W04 - 2 , U02+ 2 , F " ,  C l“ , C I03“ , C104 " ,  M n ( I I ) ,  Br“ , 
Br03" ,  F e ( I I I ) ,  C o ( I I ) ,  N i ( I I ) ,  R u ( I I I ) ,  R h ( I I I ) ,  
O s ( V I I l ) ,  I r ( I V ) ,  SCN” , a c e t a t e ,  o x a l a t e ,  m a l o p a t e ,  
s u c c i n a t e ,  t a r t r a t e ,  c i t r a t e ,  EDTA.
INTERFERENCES:
Group Ion s I n t e r f e r i n g  Ions
1 .  H g (I ) s “ 2 ,  s 2 o 3 “ 2 ,
Mo 0 4 " 2 ,  i o 3 ’ ,  VO
2.  H g ( I I ) i ' ,  i o 3 ’
3.  Se0 3 “ 2 None
4 .  Se04 “ 2 None
5.  Te0 3 ’ 2 Mn04 “
6 . P d ( I I ) S “ 2 ,  S2 0 3 ’ 2 , l “ ,
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TABLE I I I - B  ( c o n t i n u e d )
Group Ions  I n t e r f e r i n g  Ions
P d ( I I )  ( c o n t i n u e d )  I 0 3~ ,  CN”
7 .  P t ( I V )  None
8 . A u ( I I I )  N02"» S” 2 , S2 0 3” 2 ,
CN“ , Fe(CN)6 " 4 , 
Fe(CN) 6 “ 3
REMARKS:
1.  T u n g s t a t e  i s  r e d u c e d  t o  a  b l u e ,  lo w er  o x i d e  by 
SnCl 2 , b u t  due t o  t h e  r e l a t i v e  l a c k  o f  s e n s i ­
t i v i t y  i t  has  n o t  been  i n c l u d e d  as a  g ro u p  i o n .
2. The r e a c t i o n s  o f  H g ( l )  and H g ( l l )  a r e  f a i r l y  
i n s e n s i t i v e .  I n  a d d i t i o n ,  t h e  f i n e  b l a c k  
p r e c i p i t a t e  forms s l o w l y ,  e s p e c i a l l y  i f  d i l u t e .  
I f  t h e  p r e c i p i t a t e  i s  formed i n  t h e  p r e s e n c e  o f  
c o l o r e d  i o n s ,  i t  may be d i f f i c u l t  t o  i d e n t i f y  
t h e  e l e m e n t a l  m e r c u r y .
3 .  P e r m a n g a n a t e , a l t h o u g h  h i g h l y  c o l o r e d ,  i s  an
O
i n t e r f e r e n c e  o n ly  i n  t h e  t e s t  f o r  Te0 3  . In  
a l l  c a s e s ,  i t  i s  r e d u c e d  by SnCl 2  t o  g i v e  c l e a r  
s o l u t i o n s .
4 .  M ercury  ( I ) ,  m e rc u ry  ( I I ) ,  p a l l a d i u m  ( I I )  and 
g o l d  ( I I I )  s u f f e r  m ost  from i n t e r f e r e n c e s  i n  
t h i s  g r o u p .  T h i s  i s  e a s i l y  u n d e r s t o o d  i n  v iew  
o f  t h e  s t r o n g  c o m p le x - fo rm in g  a b i l i t y  o f  a l l  
t h e s e  i o n s .  The m ost  common i n t e r f e r e n c e s  a r e
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TABLE I I I - B  ( c o n t i n u e d )
S ' 2 , S2 O3 " 2 , I "  and CN'.
5 .  Due t o  t h e  l a c k  o f  s e n s i t i v i t y  o f  H g ( I I ) ,  a
more c o n c e n t r a t e d  s o l u t i o n  had t o  be u s e d  f o r
i t s  i n t e r f e r e n c e  s t u d y .  A c o n c e n t r a t i o n  o f  2 
m i l l i g r a m s  m e t a l  i o n  p e r  m i l l i l i t e r  p ro v e d  
s a t i s f a c t o r y .  A l l  o t h e r  i o n s  w ere  s u f f i c i e n t l y  
s e n s i t i v e  s o  t h a t  1 mg/ml s o l u t i o n s  were u s e d .
6 . N i t r i t e  i o n  r e d u c e s  A u ( I I I )  t o  e l e m e n t a l  g o l d .
7 .  F e r r o c y a n i d e  and f e r r i c y a n i d e  i o n s  d e c r e a s e  t h e  
s e n s i t i v i t y  o f  SnCl2  t o w a rd  A u ( I I I ) .  A p p a r e n t ­
l y ,  s t a n n o u s  f e r r o c y a n i d e  and s t a n n o u s  f e r r i ­
c y a n i d e  a r e  p r e c i p i t a t e d .
TABLE II I -C
INTERFERENCE STUDIES
GROUP REAGENT: Phenyl f lu o r o n e
REACTING SPECIES: G e ( I V ) ,  S b ( I I I ) ,  S n ( I I ) ,  S n ( I V ) ,
T i ( I V ) ,  Z r ( I V ) ,  W04" 2 , Mo04 " 2 .
NON-REACTING SPECIES: L i ( I ) ,  N a ( I ) ,  K ( 0 ,  R b ( I ) ,  C s ( I ) ,
C u ( l l ) ,  Ag( I ) ,  A u ( I I I ) ,  B e ( I I ) ,  M g ( I l ) ,  C a ( I I ) ,  
S r ( I I ) ,  B a ( I I ) , Z n ( I I ) ,  C d ( I I ) ,  H g ( I ) ,  H g ( I I ) ,  
B02 " ,  B4 07 “ 2 , A l ( I I I ) ,  G a ( I I I ) ,  C e ( I I I ) ,  C e ( IV ) ,  
T 1 ( I ) ,  C03‘ 2 , S i 0 3“ 2 , P b ( I I ) ,  T h ( I V ) ,  NH4+ , N02" ,  
N03" ,  A s ( I I I ) ,  A s ( V ) , S b ( V ) , B i ( I I I ) ,  S2 0 3“ 2 , 
S03" 2 , S04 " 2 , C r ( I I I ) ,  Cr04 ” 2 , Se03" 2 , Se04 ’ 2 , 
Te03” 2 , Te04 “ 2 , U02+ 2 , C l " ,  C103" , C104" , M n ( I I ) ,  
B r " ,  I " ,  I 0 3" ,  F e ( I I I ) ,  C o ( I I ) ,  N i ( I I ) ,  R u ( I I I ) ,  
R h ( I I I ) ,  P d ( I I ) ,  O s ( V I I I ) ,  I r ( I V ) ,  P t ( I V ) ,  CN", 
Fe(CN)6 " 4 , Fe(CN)6 " 3 , SCN", a c e t a t e ,  o x a l a t e ,  




Group Io n s  I n t e r f e r i n g  Ions
1. Ge(IV) S“ 2
2 .  S b ( I I I )  Br03 "
3.  S n ( I I )  None
4 .  Sn(IV )  None
5.  T i ( I V )  HP04 " 2 , P2 0 7 ~4 , F
6 . Z r ( IV )  HP04 " 2 , F“
8b
TABLE I I I -C  (c o n t in u e d )
Group Ions  I n t e r f e r i n g ;  Ions
7 .  W0^“ ^ None
8 . MoO^"^ None
REMARKS:
1. The g ro u p  as  a  w ho le  i s  r e l a t i v e l y  f r e e  o f  
i n t e r f e r e n c e s .  T i ( I V )  i s  m ost  s e r i o u s l y  
a f f e c t e d ,  HPO^"^, anc* Pr e v e n t  *-t s
r e a c t i o n .  I n  t h e  c a s e  o f  Z r ( I V ) ,  HPO^“ ^ and F" 
c a u s e  i n t e r f e r e n c e .
2 .  A s c o r b i c  a c i d  can  be u s e d  f o r  t h e  e l i m i n a t i o n  
o f  t h e  i n t e r f e r e n c e s  o f  MnO^" and VOg” t h r o u g h ­
o u t  t h e  g r o u p .
3 .  I o d a t e  i s  a n e g a t i v e  i n t e r f e r e n c e  i n  t h e  t e s t  
f o r  S b ( I I I ) .  A few c r y s t a l s  o f  a s c o r b i c  a c i d  
e l i m i n a t e s  t h i s  i n t e r f e r e n c e .
4 .  R u ( I I I ) ,  P d ( I I )  and  I r ( I V )  l e a v e  a  brown s p o t  
t h a t  would  n o t  be a s e r i o u s  i n t e r f e r e n c e  when 
t h e  g ro u p  i o n s  a r e  r e l a t i v e l y  c o n c e n t r a t e d ,  b u t  
c o u l d  be m i s l e a d i n g  i n  more d i l u t e  s o l u t i o n s .
5 .  A l l  i n t e r f e r e n c e  s t u d i e s ,  w i t h  t h e  e x c e p t i o n  o f  
t i n  ( I V ) ,  w ere  c a r r i e d  o u t  w i t h  s o l u t i o n  
c o n c e n t r a t i o n s  o f  1 mg/ml.  Fo r  s t a n n i c  i o n ,  a 
2  mg/ml c o n c e n t r a t i o n  was u s e d .
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TABLE II I -D
INTERFERENCE STUDIES
GROUP REAGENT: Morin
REACTING SPECIES: A l ( I I I ) ,  B e ( I I ) ,  G a ( I I I ) ,  I n ( I I I ) ,
S c ( I I I ) ,  Y ( I I I ) ,  T h ( IV ) ,  Z r ( I V ) .
NON-REACTING SPECIES: L i ( I ) ,  N a ( I ) ,  K ( I ) ,  R b ( I ) ,  C s ( I ) ,
A g ( I ) ,  Mg( I I ) ,  C a ( I I ) ,  S r ( I I ) , B a ( I I ) ,  Z n ( I I ) ,  
C d ( I I ) ,  B02" ,  B4 07 ‘ 2 , C e ( I I I ) ,  T I ( I ) , CO3 ’ 2 ,
S i 0 3 ’ 2 , G e ( IV ) ,  S n ( I I ) ,  S n ( I V ) , P b ( I I ) ,  NH4 + , N02" ,  
N03“ , A s ( I I I ) ,  A s ( V ) , S b ( I I I ) ,  S b ( V ) , B i ( I I I ) ,  S " 2 , 
S2 0 3" 2 , S03“ 2 , S04 " 2 , Se03“ 2 , Se04 - 2 , Te03" 2 , 
Te04 ’ 2 , W04 *2 , U02+ 2 , C l " ,  C103“ , C104 “ , M n ( I I ) ,  
B r" ,  Br03" ,  I ” , I 0 3" , F e ( I I I ) ,  C o ( l l ) ,  N i ( I I ) ,  
R h ( I I I ) ,  O s ( V I I I ) , I r ( I V ) ,  P t ( I V ) ,  CN", Fe(CN)6" 3 , 
SCN“ , a c e t a t e ,  m a l o n a t e ,  s u c c i n a t e ,  t a r t r a t e ,  
c i t r a t e .
INTERFERENCES:
Group Io ns  I n t e r f e r i n g  Ion s
1.  A l ( I I I )
2 .  B e ( I I )
3 .  G a ( I I I )
4 .  I n ( I I I )
5 . S c ( I I I )
F~
F“ , C2 04” 2 , Mo04 ’ 2  
Mo04 “ 2 , Fe(CN ) 6 “ 4  
P2 07 " 4 , Fe(CN)6 " 4 , 
EDTA
HP04 " 2 , P 2 0 7”4 » F“ 
C2 04 " 2 , EDTA, V03"
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TABLE I I I - D  ( c o n t i n u e d )
Group Io ns  I n t e r f e r i n g  Io n s
6 . Th(IV )  F " ,  Mo04 “ 2 , C2 0 4 " 2
7 .  Z r ( IV )  HP04 “ 2 , P2 07 ”4 , F" ,
Cr04 ‘ 2 , V03~
8 . Y ( I I I )  F” , C2 04 ~2 , EDTA,
hpo4 " 2 , p 2 o7 “ 4 ,
Mo04 " 2 , T i ( I V ) ,  
C u ( I I ) ,  A u ( I I I ) ,  
H g ( I I ) ,  R u ( I I I ) ,  
P d ( I I ) ,  VO3 ”
REMARKS:
1. T h e re  a r e  a  f a i r  number o f  i n t e r f e r e n c e s  i n  
t h i s  g r o u p .  However,  t h e  m a j o r i t y  o f  them a r e  
e a s i l y  p r e d i c t e d ,  b e in g  b a se d  upon s t r a i g h t ­
f o r w a r d  p r e c i p i t a t i o n s  and c o m p l e x a t i o n s . 
F l u o r i d e ,  m o l y b d a t e ,  o x a l a t e ,  p y r o p h o s p h a t e ,  
p h o s p h a t e  and EDTA a r e  m ost  t r o u b l e s o m e  i n  t h i s  
r e g a r d .
2 .  Io n s  c h a r a c t e r i z e d  by c o l o r e d  s o l u t i o n s  d e c r e a s e  
t h e  s e n s i t i v i t i e s  o f  t h e  g ro u p  r e a c t i o n s :  
A u ( I I I ) ,  F e ( I I I ) ,  R u ( I I I ) ,  C r ( I I I ) ,  Mn04 “ , 
C u ( I I ) ,  P d ( I I )  and VO3 " .
3 .  A s c o r b i c  a c i d  w i l l  e l i m i n a t e  t h e  i n t e r f e r e n c e s  
o f :  Mn04 “ , F e ( I I I )  and Cr04 ” 2 .
4 .  Copper ( I I )  and g o ld  ( I I I )  d e c r e a s e  t h e
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TABLE I I I - D  ( c o n t i n u e d )  
s e n s i t i v i t y  o f  t h e  m o r in  t e s t  b u t  t h i s  h i n d r a n c e  
can  be e l i m i n a t e d  by t h e  a d d i t i o n  o f  s e v e r a l  
d r o p s  o f  107o KCN. The i n t e r f e r e n c e  o f  H g ( I I )  
i n  t h e  t e s t  f o r  y t t r i u m  i s  a l s o  removed by 
c y a n i d e .
5 .  In  t h e  i n t e r f e r e n c e  s t u d i e s ,  a 5 mg/ml s o l u t i o n  
o f  I n ( I I I )  and a  2 mg/ml s o l u t i o n  o f  S c ( I I I )  
were  u s e d .  A l l  o t h e r  g ro u p  io n s  were  t e s t e d  
u s i n g  1 mg/ml s o l u t i o n s .
I
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TABLE I I I -E
INTERFERENCE STUDIES
GROUP REAGENT: G lyoxa l b i s ( 2 - h y d r o x y a n i l )
REACTING SPECIES: C a ( I I ) ,  S r ( I I ) ,  B a ( I I )
NON-REACTING SPECIES: L i ( I ) ,  N a ( I ) ,  K ( I ) ,  R b ( I ) ,  C s ( I ) ,
C u ( I I ) ,  A g ( I ) ,  A u ( I I I ) ,  M g ( I I ) ,  Z n ( I I ) , C d ( I I ) ,  
H g ( I ) ,  H g ( I I ) ,  B02" ,  B4 07" 2 , A l ( I I I ) , G a ( I I I ) , 
C e ( I I I ) ,  C e ( IV ) ,  T 1 ( I ) , T h ( IV ) ,  NH4+ , N02” , N03" ,
A s( I I I ) ,  S b ( I I I ) ,  S b ( V ) , B i ( I I I ) , S2 0 3" 2 , S04 ' 2 , 
Se03 “ 2 , Se04 - 2 , Mo04" 2 , Te03 - 2 , Te04 ” 2 , W04 “ 2 ,
U02+ 2 , C l " ,  C103" ,  C104 " ,  M n ( I I ) , Br“ , Br03‘ , I " ,  
I 0 3" ,  N i ( I I ) , R u ( I I I ) , R h ( I I I ) ,  P d ( l l ) ,  O s ( V I I I ) ,  
I r ( I V ) , P t ( I V ) ,  CN", Fe(CN)6 " 4 , Fe(CN)6" 3 , SCN", 
a c e t a t e ,  o x a l a t e ,  m a l o n a t e ,  s u c c i n a t e ,  t a r t r a t e ,  
c i t r a t e .
INTERFERENCES:
Group Io n s  I n t e r f e r i n g  Io n s
B e ( I I ) , Z r ( I V ) , F~ , 
HP04 " 2 , C r ( I I I ) , 
F e ( I I I ) , R h ( I I I ) , 
EDTA
B e ( I I ) , C03’ 2 , 
S i 0 3" 2 , T i ( I V )  
Z r ( I V ) , S n ( I I ) , 
S n ( I V ) , P b ( I I ) ,
1. C a ( I I )
2 .  S r ( I I )
TABLE I I I - E  ( c o n t i n u e d )
I n t e r f e r i n g ;  Ions  
HP04 " 2 , V0+ 2 , V03' ,  
C r ( I I I ) ,  F“ , 
F e ( I I I ) ,  C o ( I I )
Be( 11) ,  C03‘ 2 , S ' 2 , 
Z r ( I V ) ,  S n ( I V ) ,  
P b ( I I ) ,  HP04 “ 2 , 
p 2 o 7- 4 , V0+2 , VO3 - ,  
As( V) ,  S03" 2 , EDTA 
C r ( I I I ) , Cr04 ' 2 , 
F e ( I I I ) ,  S i 0 3 ' 2
1. I n t e r f e r e n c e  s t u d i e s  w ere  c o n d u c te d  u s i n g  t h e  
f o l l o w i n g  t e s t  i o n  c o n c e n t r a t i o n s :  1 mg/ml f o r
C a ( I I )  and S r ( I I )  and 5 mg/ml f o r  B a ( I I ) .
2 .  The m ask in g  s o l u t i o n  u s e d  i n  t h e  t e s t  p r o c e d u r e  
i s  f o r  t h e  e l i m i n a t i o n  o f  t h e  f o l l o w i n g  i n t e r ­
f e r e n c e s :  C u ( I I ) ,  A g ( I ) ,  A u ( I I I ) ,  R u ( I I I ) ,  
P d ( I I ) ,  N i ( I I ) , I r ( I V ) .
3 .  A s c o r b i c  a c i d  s h o u l d  be u s e d  t o  r e d u c e  Mn04 '  i f  
i t  i s  p r e s e n t .
4 .  F e r r i c  i o n  i n t e r f e r e s  by f o rm in g  i n s o l u b l e  
f e r r i c  h y d r o x i d e  u n d e r  t h e  h i g h l y  a l k a l i n e  t e s t  
c o n d i t i o n s  u s e d .
Group Ion s
S r ( I I )  ( c o n t i n u e d )
3. B a ( I I )
REMARKS:
TABLE I I I - F
INTERFERENCE STUDIES
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GROUP REAGENT: Sodium te tr a p h en y lb o r o n
REACTING SPECIES: K ( I ) ,  R b ( I ) ,  C s ( I ) ,  NH4+ , T i + .
NON-REACTING SPECIES: L i ( I ) ,  N a ( l ) ,  C u ( I I ) ,  A g ( I ) ,
A u ( I I I ) ,  B e ( I I ) ,  M g ( I I ) ,  C a ( I I ) ,  S r ( I I ) ,  B a ( I I ) ,  
Z n ( I I ) ,  C d ( I I ) ,  H g(I)  , H g ( I I ) ,  B02 ' ,  B4 07’ 2 ,
A l ( I I I ) , G a ( I I I ) ,  C e ( I I I ) ,  C03" 2 , S i 0 3" 2 , T i ( I V ) ,  
G e ( IV ) ,  Z r ( I V ) ,  S n ( I I ) ,  S n ( I V ) ,  P b ( I I ) ,  T h ( IV ) ,  
N02” , N03~ ,  HP04 “ 2 , P2 ° 7 " 4 » As<m )» A s ( V ) , C e ( IV ) ,  
S b ( I I I ) ,  S b ( V ) , B i ( I I I ) ,  S "2 , S2 0 3 ' 2 , S03” 2 , S04 ‘ 2 , 
C r ( I I I ) ,  Cr04 " 2 , Se03" 2 , Se04 " 2 , Mo04 *2 , Te03" 2 , 
Te04 ’ 2 , W04 ” 2 , U02+ 2 , F” , C l " ,  C103“ , C104 ’ ,
M n ( I I ) ,  Mn04 “ , Br” , Br03 “ , I ” , I 0 3” , F e ( I I I ) ,
C o ( I I ) , N i ( I I ) ,  R u ( I I I ) ,  R h ( I I I ) ,  P d ( I I ) ,  O s ( V I I I ) , 
I r ( I V ) ,  P t ( I V ) ,  CN“ , Fe(CN)6 " 4 , Fe(CN)6 ‘ 3 , SCN", 
a c e t a t e ,  o x a l a t e ,  m a l o n a t e ,  s u c c i n a t e ,  t a r t r a t e ,  




2 .  R b ( I )
3 .  C s ( I )
4 .  NH4+
5.  T 1 ( I )








TABLE I I I - F  ( c o n t i n u e d )
T h e re  w ere  no i n t e r f e r e n c e s  e n c o u n t e r e d  i n  t h i s  
g r o u p .
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F. SENSITIVITIES OF THE GROUP REACTIONS
A q u a n t i t a t i v e  e x p r e s s i o n  o f  t h e  s e n s i t i v i t y  o f  a 
s p o t  t e s t  r e a c t i o n  i s  most  i m p o r t a n t  i n  t h e  c o m p a r iso n  o f  
a n a l y t i c a l  e f f i c i e n c y  among v a r i o u s  t e s t s .  The t e rm  
" s e n s i t i v i t y "  i s  o f t e n  ambiguous i n  i t s  m ean ing .  Some­
t im e s  i t  can mean t h e  s m a l l e s t  a b s o l u t e  q u a n t i t y  o f  a 
s u b s t a n c e  c a p a b l e  o f  d e t e c t i o n  by a c e r t a i n  t e s t .  At 
o t h e r  t i m e s ,  i t  i s  t h e  d i l u t i o n  o f  t h e  t e s t  s o l u t i o n  w i t h ­
o u t  r e g a r d  t o  t h e  amount o f  m a t e r i a l  b e i n g  c o n s i d e r e d .
The te rm s  " l i m i t  o f  i d e n t i f i c a t i o n "  and " d i l u t i o n  
l i m i t "  were  s u g g e s t e d  by F e i g l  (16)  and H e l l e r  (37)  
r e s p e c t i v e l y ,  as  an  unambiguous m ea su re  o f  r e a c t i o n  
s e n s i t i v i t y .  The n u m e r i c a l  v a l u e  o f  t h e  i d e n t i f i c a t i o n  
l i m i t  i s  an e x p r e s s i o n  o f  t h e  q u a n t i t y  s e n s i t i v i t y ,  w h i l e  
t h e  d i l u t i o n  l i m i t  p e r t a i n s  t o  t h e  c o n c e n t r a t i o n  s e n s i ­
t i v i t y  o f  a  t e s t .  The r e l a t i o n s h i p  b e tw een  t h e  
i d e n t i f i c a t i o n  l i m i t ,  t h e  d i l u t i o n  l i m i t  and t h e  volume o f  
t h e  t e s t  s o l u t i o n  i s  g i v e n  by t h e  e x p r e s s i o n :
D i l u t i o n  l i m i t  = l : Volume o f  t e s t  s o l u t i o n  ( m l - )  x  10^
I d e n t i f i c a t i o n  l i m i t ( r )
T hus ,  f o r  a  s e n s i t i v e  t e s t ,  t h e  v a l u e  o f  t h e  i d e n t i f i c a t i o n  
l i m i t  i s  s m a l l ,  w h i l e  t h e  d i l u t i o n  l i m i t  i s  r e l a t i v e l y  
l a r g e .
The s e n s i t i v i t y  o f  a  t e s t  i s  n o t  a  c o n s t a n t  q u a n t i t y  
i r r e s p e c t i v e  o f  t h e  s e n s i t i v i t y  t e r m  u s e d .  I t  i s  found  t o  
depend  upon many f a c t o r s .  The pH, s o l v e n t s  u s e d ,  o r d e r  o f  
a d d i t i o n  o f  r e a g e n t s ,  and t h e  t e s t  medium have  been  found
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t o  g r e a t l y  i n f l u e n c e  t h e  q u a n t i t y  o f  d e t e c t a b l e  m a t e r i a l ' .  
West and H am il to n  (8 4 )  showed t h a t  t h e  i d e n t i f i c a t i o n  l i m i t  
o f  a g i v e n  s p o t  t e s t  i s  v e r y  much d e p e n d e n t  upon  t h e  t y p e  
o f  f i l t e r  p a p e r  u s e d .  D i f f e r e n c e s  i n  s e n s i t i v i t i e s  were  
found  t o  be o f  t h e  o r d e r  o f  t e n f o l d ,  and i n  some c a s e s ,  as 
much as a  h u n d r e d f o l d .
The s e n s i t i v i t i e s  o f  t h e  g ro u p  i o n s  i n c l u d e d  i n  t h i s  
s chem e,  s t a t e d  i n  te rm s  o f  t h e i r  i d e n t i f i c a t i o n  l i m i t s ,  a r e  
g i v e n  i n  T a b le  IV.
SENSITIVITIES OF TEST SPECIES IN GROUP REACTIONS
1. B e n z id in e  Group
TABLE IV
T e s t  Ion I d e n t i f i c a t i o n  L im i t  Or)
C o ( I I )
C r(V I)
N i ( I I )
M n (I I )
P b ( I I )
T l (  I )
C e ( I I I )
Ce(IV)
A u ( I I I )
I r ( I V )












0 s ( V I I I ) 2





TABLE IV ( c o n t i n u e d )
2 .  S ta n n o u s  C h l o r i d e  Group
T e s t  Ion I d e n t i f i c a t i o n  L im i t  (y )
H g (I )  3
H g ( l l )  1
Se0 3 “ 2  0 . 2
Se0 4 ~ 2  0 . 6
Te0 3 " 2  0 . 6
P d ( I I )  0 . 0 8
P t ( I V )  0 . 0 4
A u ( I I I )  3
3 .  P h e n y l  F lu o r o n e  Group
Ge(IV) 0 . 6
Mo04 ” 2  0 . 3
S b ( I I I )  0 . 2
S n ( l l )  0 . 2
Sn(IV )  1
T i ( I V )  1
Z r ( IV )  0 . 2
W04 “ 2 0 . 6
4 .  Morin  Group
A l ( I I I )  0 . 2
B e ( I I )  0 . 1
G a ( I I I )  2
I n ( I I I )  3
S c ( I I I )  0 . 2
Y ( I I I )  1
TABLE IV ( c o n t i n u e d )
Morin  Group ( c o n t i n u e d )
T e s t  Ion  I d e n t i f i c a t i o n  L im i t  ( y )
Th(IV)  2
Z r( IV )  0 .1
G ly o x a l  b i s ( 2 - h y d r o x y a n i l )  Group
C a ( I I )  0 . 0 4
S r ( I I )  0 . 0 8
B a ( I I )  3
Sodium T e t r a p h e n y l b o r o n  Group
K (I )  1
R b ( I )  3
C s ( I )  % 5
nh4 + 1
T l ( I )  5
G. CHEMISTRY OF THE GROUP REACTIONS
1. BENZIDINE
The a n a l y t i c a l  u s e f u l n e s s  o f  b e n z i d i n e  i s  b a se d  
upon t h r e e  c h a r a c t e r i s t i c s  o f  t h e  b e n z i d i n e  m o l e c u l e :
a .  I t  i s  s u s c e p t i b l e  t o  o x i d a t i o n .
b .  I t  has t h e  a b i l i t y  t o  form complexes  w i t h
m e t a l  s a l t s .
c .  I t  forms s a l t s  w i t h  v a r i o u s  a n io n s  w h ich  a r e
q u i t e  i n s o l u b l e .
O x i d i z i n g  a g e n t s  o f  s u f f i c i e n t  s t r e n g t h  can o x i ­
d i z e  b e n z i d i n e  t o  " b e n z i d i n e  b l u e " .  Lead p e r o x i d e ,  
c h r o m a te ,  v a n a d a t e ,  p e r i o d a t e ,  p e r s u l f a t e ,  c h l o r a t e  and 
p e rm a n g a n a te  can o x i d i z e  b e n z i d i n e  d i r e c t l y .  C e r t a i n  
o t h e r  i o n s ,  e . g . ,  M n ( I I ) ,  C o ( I I ) ,  C e ( I I I ) ,  may be d e t e c t e d  
i n  t h e  p r e s e n c e  o f  a  b a s e  by means o f  an a u t o - o x i d a t i o n  
p r o c e s s .
S c h le n k  (6 9 )  i s  p r i m a r i l y  r e s p o n s i b l e  f o r  t h e  
e l u c i d a t i o n  o f  t h e  f o r m a t i o n  o f  " b e n z i d i n e  b l u e " .  Oxi­
d a t i o n  o f  b e n z i d i n e  i n i t i a l l y  p r o d u c e s  a m e r i q u i n o i d  
compound, p - q u i n o n e i m i d e ,  w h ic h  t h e n  combines w i t h  an 
e q u i v a l e n t  o f  b e n z i d i n e  and two e q u i v a l e n t s  o f  a m o no b as ic  
a c i d ,  u s u a l l y  a c e t i c ,  t o  form " b e n z i d i n e  b l u e " .
F e i g l  (1 7 )  p o s t u l a t e s  t h a t  t h e  g r e a t  s e n s i t i v i t y
o f  t h e  r e a c t i o n  be tw een  m anganese  ( I I )  and b e n z i d i n e  i s
n o t  w h o l ly  due t o  t h e  m anganese  d i o x i d e  p r o d u c e d  by
a u t o x i d a t i o n .  He c o n s i d e r s  t h e  p a r t i c i p a t i o n  o f  b e n z i d i n e
1*
i t s e l f  i n  t h e  a u t o x i d a t i o n  t o  be an i m p o r t a n t  f a c t o r .  The 
mechanism advanced  i s  t h a t  d u r i n g  t h e  a u t o x i d a t i o n  p r o c e s s ,
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h a l f  an oxygen m o le c u l e  combines w i t h  t h e  manganous h y -  
d r o x i d e  and t h e  n a c e n t  oxygen t h a t  r e m a in s  o x i d i z e s  a 
m o l e c u l e  o f  b e n z i d i n e .  T h u s ,  t h e  a u t o x i d a t i o n  o f  
manganous h y d r o x i d e  i n d u c e s  t h e  o x i d a t i o n  o f  b e n z i d i n e ,  
w h ic h  r e s u l t s  i n  an o v e r - a l l  enhancem ent  o f  t h e  r e a c t i o n .
To p r o v e  t h i s  h y p o t h e s i s ,  F e i g l  ( 1 5 )  showed t h a t  
c e r iu m  can  r e a c t  w i t h  b e n z i d i n e  s i m i l a r l y  t o  m anganese  
s i n c e  Ce(OH)g i s  a u t o x i d i z e d  t o  Ce0 ( 0 H)2 .
H igh e r  o x i d e s  o f  m e t a l s ,  e . g . ,  l e a d  p e r o x i d e  and 
osmium t e t r a o x i d e ,  a l s o  o x i d i z e  b e n z i d i n e .  T h i s  t y p e  o f  
o x i d a t i o n  i s  n o t  as s e n s i t i v e  as  t h e  a u t o x i d a t i o n  p r o c e s s .  
F o r  e x a m p le ,  t h e  b e n z i d i n e  s p o t  t e s t  w i l l  d e t e c t  o n ly  1 jig 
l e a d ,  i n  c o n t r a s t  t o  0 . 1 5  jig m anganese  o r  0 . 1 8  jig c e r iu m ,  
w h ic h  form a u t o x i d i z a b l e  o x i d e s .  The r e a c t i o n s  o f  i n s o l u -  
a b l e  h i g h e r  m e t a l  o x i d e s  w i t h  b e n z i d i n e  a r e  l o c a l i z e d  
r e a c t i o n s  o c c u r r i n g  a t  t h e  i n t e r f a c e  o f  t h e  m e t a l  o x i d e  
p r e c i p i t a t e  w i t h  t h e  b e n z i d i n e  s o l u t i o n .  T hese  a r e  t o p o -  
c h e m ic a l  r e a c t i o n s .
T h e re  i s  an i n t e r e s t i n g  i n n o v a t i o n  i n  t h e  e x t e n s i o n  
o f  t h e  b e n z i d i n e  r e a c t i o n  t o  i n c l u d e  s e v e r a l  s p e c i e s  t h a t  
would  n o t  n o r m a l l y  be s t r o n g  enough  t o  a f f e c t  o x i d a t i o n .
The a d d i t i o n  o f  c o m p lex ing  o r  p r e c i p i t a t i n g  a g e n t s  a r e  
u t i l i z e d  t o  en h an c e  t h e  o x i d a t i o n .  T h u s ,  t h e  s t a b i ­
l i z a t i o n  o f  t h e  c u p ro u s  s t a t e  by c y a n i d e  i o n  makes c u p r i c  
i o n  a  more p o w e r f u l  o x i d i z i n g  a g e n t .  L i k e w i s e ,
f e r r i c y a n i d e  i o n  i n  n e u t r a l  s o l u t i o n  i s  q u i t e  a s t r o n g  
o x i d i z i n g  a g e n t ,  e s p e c i a l l y  i f  z i n c ,  m e rc u ry  o r  l e a d  s a l t s
a r e  p r e s e n t  t o  p r e c i p i t a t e  f e r r o c y a n i d e  and keep  t h e  
p o t e n t i a l  low.
L arg e  a n i o n s  h a v e  a t e n d e n c y  t o  form t h e i r  l e a s t  
s o l u b l e  s a l t s  w i t h  l a r g e  c a t i o n s .  Thus b e n z i d i n e  forms 
p r e c i p i t a t e s  w i t h  s u l f a t e ,  m o l y b d a t e ,  p h o s p h a t e ,  
t u n g s t a t e ,  s e l e n a t e ,  f e r r o c y a n i d e  and f e r r i c y a n i d e .
2 .  STANNOUS CHLORIDE
The c h e m i s t r y  o f  t h e  s t a n n o u s  c h l o r i d e  g ro u p  i s  
q u i t e  s t r a i g h t f o r w a r d ,  b e i n g  b a se d  on t h e  r e d u c i n g  a b i l i t y  
o f  t i n  ( I I ) .  The i o n s  o f  t h e  p l a t i n u m  m e t a l s ,  g o l d ,  
m e r c u r y ,  s e l e n i u m  and t e l l u r i u m  a r e  r e d u c e d  t o  t h e  m e t a l  
by s t a n n o u s  i o n .  T u n g s t a t e  i s  r e d u c e d  by s t a n n o u s  
c h l o r i d e  i n  s t r o n g l y  a c i d i c  s o l u t i o n  t o  t h e  b l u e ,  lo w er  
t u n g s t e n  o x i d e .
I n  v i e w  o f  t h e  r e l a t i v e l y  s m a l l  r e d u c t i o n  p o ­
t e n t i a l  o f  t h e  t i n  ( I V ) - t i n  ( I I )  c o u p l e ,  t i n  ( I I )  
compounds a r e  f a i r l y  s t r o n g  r e d u c i n g  a g e n t s .  The s i m p l e  
aquo s t a n n o u s  i o n  i s  r e a d i l y  h y d r o l y z e d  and e x i s t s  o n l y  i n  
t h e  p r e s e n c e  o f  a  l a r g e  c o n c e n t r a t i o n  o f  a s t r o n g ,  noncom- 
p l e x i n g  a c i d ,  e . g . ,  p e r c h l o r i c .  The p r e s e n c e  o f  a l a r g e  
c o n c e n t r a t i o n  o f  h y d r o c h l o r i c  a c i d  r e s u l t s  i n  t h e  
f o r m a t i o n  o f  t h e  c h l o r o  c o m p le x e s .  T y p i c a l  v a l u e s  f o r  
t h e s e  c o u p l e s  a r e
Sn+ 4  + 2e"  — ► Sn + 2  E° = + 0 .1 5  v .
S nC lg " 2  + 2e“  ^  SnCl 4 “ 2  + 2C1“ E° = + 0 .1 4  v .
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3.  PHENYL FLUORONE
P henyl f lu o r o n e  i s  9 - p h e n y l - 2 ,3 ,7 - t r i h y d r o x y f l u o -
f l u o r o n e s .  Ant im ony ,  ge rm anium , t i t a n i u m ,  z i r c o n i u m ,  t i n ,  
v a n a d iu m ,  and molybdemum a r e  among some o f  t h e  m e t a l s  t h a t  
r e a c t .  The a c i d - r e s i s t a n c e  o f  t h e  r e a c t i o n  p r o d u c t  i s  
e s p e c i a l l y  n o t e w o r t h y .  The m a j o r i t y  o f  t h e  r e a c t i o n  
p r o d u c t s  formed a r e  p i n k  t o  o r a n g e - r e d  p r e c i p i t a t e s .
c o m p o s i t i o n  o f  t h e  r e a c t i o n  p r o d u c t s .  In  v iew  o f  t h e  p h e ­
n o l i c  n a t u r e  o f  t h e  dye  s t u f f ,  t h e  p o s s i b i l i t y  o f  c y c l i c  
e s t e r  f o r m a t i o n  ( I I )  i s  a  d i s t i n c t  p o s s i b i l i t y .  A n o th e r  
p o s s i b l e  mode o f  b o n d in g  i s  t h r o u g h  t h e  a d j a c e n t  oxygen 
atoms o f  t h e  p h e n o l i c  and c a r b o n y l  oxygens  t o  p r o d u c e  an 
a d s o r p t i o n  compound ( c o l o r  l a k e ) .  C l u l e y  ( 1 1 )  i n  s t u d y i n g  
t h e  r e a c t i o n  b e tw een  p h e n y l  f l u o r o n e  and germanium f o r  t h e  
s p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n  o f  t h a t  m e t a l ,  found  t h a t  
a  b i s  com plex  i s  fo rm ed .  P e r r i n  s p e c u l a t e s  t h a t  an o c t a ­
h e d r a l  b i s  complex o f  t h e  t y p e  Ge(OH)2 L2  w i t h  b on d in g  t o  
t h e  o - d i p h e n o l i c  oxygens  o f  t h e  f lu o ro n e .  r e s u l t s  ( 5 9 ) .
r o n e  ( I ) .
? 6 h5
In  a c i d  s o l u t i o n ,  a c i d - f o r m i n g  m e t a l s  r e a c t  w i t h




( I I )
I t  has  been  s u g g e s t e d  t h a t  due t o  t h e  a c i d -  
r e s i s t a n t  n a t u r e  o f  t h e  r e a c t i o n  p r o d u c t  t h a t  t h e  m e t a l s  
com bin ing  w i t h  t h e  f l u o r o n e  a r e  i n  t h e  form o f  i s o p o l y ­
a c i d s  ( 1 7 ) .
G i l l i s  and c o -w o r k e r s  ( 2 7 ,  28) have  s t u d i e d  v a r i o u s  
d e r v i a t i v e s  o f  p h e n y l  f l u o r o n e ;  where  t h e  -CgH4 0 H ( o , m , p ) , 
-CH^, -CgH3 (OH)2 (m ,p )  g ro u p s  were  s u b s t i t u t e d  f o r  t h e  
p h e n y l  r a d i c a l .  O th e r  d e r i v a t i v e s  s t u d i e d  i n c l u d e  t h e  
3 - n i t r o p h e n y l - , 4 - n i t r o p h e n y l - , and 4 - d i m e th y l a m i n o p h e n y l -  
2 , 3 , 7 - t r i h y d r o x y f l u o r o n e s .  These  d e r i v a t i v e s  have been  
u s e d  a s  s e n s i t i v e  c o l o r i m e t r i c  r a g e n t s  f o r  z i r c o n i u m ,  t i n  
( IV )  and t a n t a l u m ,  r e s p e c t i v e l y  ( 6 5 ,  4 8 ,  5 5 ) .
4 .  MORIN






A l c o h o l i c  m o r in  s o l u t i o n s  r e a c t  w i t h  aluminum io n  
i n  n e u t r a l  o r  a c e t i c  a c i d  s o l u t i o n  t o  g i v e  an i n t e n s e
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g r e e n  f l u o r e s c e n c e  i n  u l t r a v i o l e t  l i g h t .  The f l u o r e s c e h c e  
i s  due  t o  t h e  f o r m a t i o n  o f  a c o l l o i d a l l y  d i s p e r s e d  i n n e r  
complex aluminum s a l t  o f  m o r in  ( 6 7 ) ,  o r  t o  an a d s o r p t i o n  
compound o f  m o r in  w i t h  t h e  m e t a l  h y d r o x i d e .  The p r o b a b l e  





The s t r u c t u r e  f o r  t h i s  t y p e  o f  complex i s  s u b ­
s t a n t i a t e d  by t h e  know ledge  t h a t  t h o r iu m  forms i t s  most 
s t a b l e  complexes  w i t h  p o l y a n i o n i c ,  oxygen c o n t a i n i n g  
l i g a n d s ,  u s u a l l y  w i t h  t h e  f o r m a t i o n  o f  b i d e n t a t e  c h e l a t e s .  
In  a d d i t i o n ,  a lm o s t  a l l  o f  t h e  o r g a n i c  r e a g e n t s  com plex ing
. O
w i t h  z i r c o n iu m  ( u s u a l l y  as ZrO ) do s o  by fo rm ing  f i v e  o r  
s ix -m em bered  c h e l a t e  r i n g s  i n  w h ich  t h e  m e t a l  i s  bonded 
t h r o u g h  two oxygen a to m s .
I t  was G o p p e l s r o e d e r  (3 1 )  i n  1868,  who d i s c o v e r e d  
t h e  f l u o r e s c e n c e  r e a c t i o n  be tw een  m o r in  and aluminum i o n .  
L ik e w i s e ,  b e r y l l i u m ,  in d iu m ,  g a l l i u m ,  sc a n d iu m ,  y t t r i u m ,  
t h o r i u m ,  and z i r c o n i u m ,  among o t h e r s ,  a l s o  g i v e  f l u o ­
r e s c i n g  compounds w i t h  m o r in .
The r e a c t i o n  o f  m o r in  w i t h  t h e  v a r i o u s  m e t a l  i o n s  
i s  q u i t e  d e p e n d e n t  upon  pH. In  a c i d  s o l u t i o n  m o r in  r e a c t s
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w i t h  t h o r i u m ,  s c a n d iu m ,  aluminum, g a l l i u m  and in d iu m ,  
w h e reas  i n  s t r o n g l y  a l k a l i n e  s o l u t i o n s  i t  i s  a lm o s t  s p e ­
c i f i c  f o r  b e r y l l i u m .  The o n l y  m e t a l  i o n  whose r e a c t i o n  
w i t h  m or in  i s  i n d e p e n d e n t  o f  pH i s  z i r c o n i u m .
o f  i t s  m e t a l  complexes  can be e x t r a c t e d  i n t o  v a r i o u s  oxygen 
c o n t a i n i n g  s o l v e n t s  s u c h  as amyl a l c o h o l  and c y c l o h e x a n o l .
m a te  t h o s e  o f  t h e  p se u d o  o r  i n e r t - g a s  t y p e  atoms p r e f e r ­
e n t i a l l y  r e a c t  w i t h  o x y g e n - c o n t a i n i n g  a n i o n i c  l i g a n d s ,  
s u c h  as m o r in  ( 5 9 ) .  Aluminum, b e r y l l i u m ,  g a l l i u m ,  in d iu m ,  
s c a n d iu m ,  y t t r i u m ,  l a n th a n u m ,  z i r c o n i u m  and t h o r iu m  form 
i o n s  o f  t h i s  t y p e .
5 .  GLYOXAL BIS(2-HYDR0XYANIL)
G ly o x a l  b i s ( 2 - h y d r o x y a n i l )  was p r e p a r e d  and i t s  
a b i l i t y  t o  form m e t a l  complexes  was d i s c u s s e d  by Bayer ( 4 ) .  
The m o l e c u l a r  s t r u c t u r e  o f  t h e  r e a g e n t  i s  shown i n  ( I ) .  
B a y e r ,  a f t e r  s t u d y i n g  t h e  n a t u r e  o f  t h e  complexes  fo rm ed ,  
p o s t u l a t e d  t h e  f o r m u la  shown i n  ( I I ) .
The h i g h l y  p o l a r  n a t u r e  o f  m o r in  e x p l a i n s  why some
Ion s  i n  w h ic h  t h e  e l e c t r o n i c  d i s t r i b u t i o n s  a p p r o x i -
h2o h2o
H H H H
( I )  ( I I )
The s i n g l y  most  i m p o r t a n t  r e a c t i o n  o f  t h i s  r e a g e n t
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i s  i t s  r e a c t i o n  w i t h  c a l c iu m  t o  g i v e  a r e d  p r e c i p i t a t e .
T h is  r e a c t i o n  was r e p o r t e d  by G o l d s t e i n  and S ta rk -M a y e r  i n  
1958 ( 3 0 ) .  The l o g i c a l  e x t e n s i o n  o f  t h i s  r e a c t i o n  t o  a 
q u a n t i t a t i v e  s p e c t r o p h o t o m e t r i c  method has been  r e p o r t e d  
by s e v e r a l  w o rk e r s  ( 7 8 ,  4 3 ,  8 8 , 2 3 ) .
The c a l c i u m  complex (5 9 )  p re su m ab ly  i n v o l v e s  
bond ing  t o  t h e  m e t a l  t h r o u g h  t h e  oxygen and n i t r o g e n  atoms 
w h ich  a r e  d i s p o s e d  t e t r a h e d r a l l y  a round  i t .  Magnesium 
does  n o t  i n t e r f e r e  b e c a u s e  i t  p r e f e r s  o c t a h e d r a l  c o o r d i ­
n a t i o n .  The r e a c t i o n  w i t h  g l y o x a l  b i s ( 2 - h y d r o x y a n i l )  
u t i l i z e s  t h e  t e n d e n c y  o f  c a l c iu m  to w a rd s  p a r t i a l  c o v a l e n t -  
bond f o r m a t i o n .  T e t r a d e n t a t e  c h e l a t i o n  i n v o l v e s  bonding  
t o  t h e  t e r t i a r y  n i t r o g e n  a to m s ,  a r e a c t i o n  f a v o r i n g  
c a l c iu m  more t h a n  s t r o n t i u m  o r  ba r iu m .
A s e r i o u s  draw back  t o  t h e  c a l c i u m - g l y o x a l  b i s ( 2 -  
h y d r o x y a n i l )  r e a c t i o n ,  e s p e c i a l l y  t h e  q u a n t i t a t i v e  
c o l o r i m e t r i c  method i s  t h e  f a d i n g  o f  t h e  r e d  c o l o r .  From 
a s t u d y  o f  t h i s  p r o b le m ,  L in d s t ro m  and M i l l i g a n  p o s t u l a t e d  
t h a t  t h e  r e a g e n t  u n d e rg o e s  a b a s e - c a t a l y z e d  h y d r o l y s i s ,  
w i t h  t h e  g l y o x a l  p r o d u c e d  r e a r r a n g i n g  i n t o  t h e  g l y c o l a t e  
a n i o n .  T h is  g l y c o l a t e  removes c a l c iu m  e i t h e r  by p r e c i p i ­
t a t i o n  o r  c o m p l e x - f o r m a t i o n  ( 5 0 ) .
In  a  f u r t h e r  e f f o r t  t o  o b t a i n  a  s t a b l e  c o l o r  w i t h  
c a l c i u m ,  v a r i o u s  m e t h y l  and n i t r o  d e r i v a t i v e s  o f  g l y o x a l  
b i s ( 2 - h y d r o x y a n i l )  w ere  p r e p a r e d  ( 4 9 ) .  I t  was found  t h a t  
t h e  i n t r o d u c t i o n  o f  n i t r o  g ro u p s  i n  e i t h e r  t h e  4 o r  5 
- p o s i t i o n  y i e l d e d  compounds w i t h  no v a l u e  as an a n a l y t i c a l
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r e a g e n t .  S u b s t i t u t i o n  o f  m e th y l  g rou p s  i n  t h e  4 p o s i t i o n  
gave  a  r e a g e n t  w i t h  i n c r e a s e d  s e n s i t i v i t y  to w a rd  c a l c i u m .  
S u b s t i t u t i o n  i n  t h e  5 p o s i t i o n s  w i t h  m e th y l  g roups  d i d  n o t  
e n h an c e  s e n s i t i v i t y  b u t  d i d  y i e l d  a more s t a b l e  r e a g e n t  
w h ic h  gave  a c a l c iu m  complex o f  g r e a t e r  s t a b i l i t y .
6 . SODIUM TETRAPHENYLBORON
W i t t i g  ( 8 9 )  f i r s t  p r e p a r e d  l i t h i u m  t e t r a p h e n y l b o r o n  
i n  1949. In  t h i s  same p a p e r ,  he s t a t e s  t h a t  p o t a s s i u m  io n  
forms a v e r y  i n s o l u b l e  s a l t  w i t h  t h e  t e t r a p h e n y l b o r a t e  i o n .  
W i t t i g  a l s o  r e p o r t e d  t h a t  sodium io n  f a i l s  t o  y i e l d  a 
p r e c i p i t a t e  b u t  i n s o l u b l e  c r y s t a l l i n e  s a l t s  were  formed 
w i t h  Rb+ , Cs*,  NH^+ , and o t h e r  heavy  m e t a l s .
I n  a d d i t i o n  t o  t h e  p r e c i p i t a t e s  formed w i t h  t h e  
m e t a l  i o n s ,  sodium t e t r a p h e n y l b o r o n  y i e l d s  p r e c i p i t a t e s  
w i t h  v a r i o u s  n i t r o g e n  c o n t a i n i n g  compounds, f o r  ex am p le ,  
amines and a l k a l o i d s .  The a n a l y t i c a l  r e a c t i o n s  o f  sodium 
t e t r a p h e n y l b o r o n  have  been t r e a t e d  i n  s e v e r a l  r e v i e w s  ( 3 ,  
2 9 ) .
Sodium t e t r a p h e n y l b o r o n  i s  a s a l t - f o r m i n g  o r g a n i c  
p r e c i p i t a n t .  A l th o u g h  l e s s  s e l e c t i v e  t h a n  c o m p le x - fo rm in g  
a g e n t s ,  t h e  s a l t - f o r m e r s  a r e  an e x t r e m e l y  i m p o r t a n t  c l a s s  
o f  o r g a n i c  r e a g e n t  s i n c e  t h e y  p e r m i t  d e t e c t i o n  and d e ­
t e r m i n a t i o n  o f  t h e  a l k a l i  m e t a l s ,  t h e  a l k a l i n e  e a r t h s ,  
v a r i o u s  l a r g e  complex c a t i o n s  and a n i o n s ,  p l u s  c e r t a i n  
a n i o n s ,  e . g . ,  n i t r a t e ,  w h ich  n o r m a l l y  form s o l u b l e  
compounds.
I I I .  A SPECIFIC SPOT TEST FOR CADMIUM UTILIZING 
GLYOXAL-BIS( 2 - HYDROXYANIL)
A. GENERAL DISCUSSION
A l th o u g h  i t  i s  a r e l a t i v e l y  common m e t a l ,  cadmium 
has  r e m a in e d  one o f  t h e  most  d i f f i c u l t  t o  d e t e c t .  The 
p ro b le m s  a s s o c i a t e d  w i t h  i t s  d e t e c t i o n  a r e  a p p a r e n t  when 
i t  i s  r e a l i z e d  t h a t  t h e  p r e c i p i t a t i o n  o f  y e l l o w  cadmium 
s u l f i d e  w i t h  a l l  o f  i t s  a s s o c i a t e d  c o m p l i c a t i o n s  i s  s t i l l  
c o n s i d e r e d  one o f  t h e  b e s t  means o f  d e t e c t i n g  t h i s  
e l e m e n t .  The p r e c i p i t a t i o n  o f  t h e  cadmium i o d i d e  com­
p l e x  u s i n g  t h e  i r o n  ( I I )  complex w i t h  o ( , c < - d i p y r i d y l  (19 )  
i s  p r o b a b l y  t h e  most  g e n e r a l l y  u s e f u l  t e s t  r e a c t i o n  a v a i l a ­
b l e  up t o  t h e  p r e s e n t .  The r e d  p r e c i p i t a t e  i s  so  
i n t e n s e l y  c o l o r e d  t h a t  e x c e l l e n t  s e n s i t i v i t y  i s  o b t a i n e d .  
A l th o u g h  t h e  t e s t  i s  s e l e c t i v e  f o r  a n i o n i c  i o d o  c o m p lex e s ,  
t h e  m e t a l s  t h a t  form su c h  complexes  a r e  t h o s e  t h a t  would 
o r d i n a r i l y  be a s s o c i a t e d  w i t h  cadmium and a r e ,  t h e r e f o r e ,  
c r i t i c a l .  I t  m ig h t  be m e n t io n e d  t h a t  m e t a l s  s u c h  as l e a d ,  
s i l v e r  and t h a l l i u m  w h ic h  a r e  p r e c i p i t a t e d  by i o d i d e  a l s o  
g i v e  p o s i t i v e  i n t e r f e r e n c e s  due  t o  t h e  a b s o r p t i o n  o f  t h e  
r e a g e n t  on t h e  r e s p e c t i v e  p r e c i p i t a t e s .  S p e c i f i c i t y  can 
o n l y  be a p p ro a c h e d  by rem ov ing  t h e  c h l o r i d e  g ro u p  o f  
m e t a l s  and t h e n  m ask ing  o t h e r  p o t e n t i a l  i n t e r f e r i n g  m e t a l s  
as  ammine co m p lex e s .  V a r io u s  o r g a n i c  r e a g e n t s  s u c h  as 
d i p h e n y l c a r b a z i d e , d i - p - n i t r o p h e n y l c a r b a z i d e ,
107
108
d i - n a p h t h y l c a r b a z o n e  and d i p h e n y l t h i o c a r b a z o n e  have  been  
employed w i t h  o n ly  m o d e r a te  s u c c e s s .  The most  s u c c e s s f u l  
o f  s u c h  r e a g e n t s  has  been  p - n i t r o d i a z o a m i n o a z o b e n z e n e  
w h ich  forms a v i o l e t  t o  b l u e  l a k e  i n  t h e  p r e s e n c e  o f  
cadmium. Most i n t e r f e r i n g  m e t a l s  can be complexed by t h e  
a d d i t i o n  o f  t a r t r a t e  ( 1 3 ) .
P r e l i m i n a r y  s t u d i e s  o f  g l y o x a l - b i s ( 2 - h y d r o x y a n i l )  
d i s c l o s e d  i t s  p o t e n t i a l  v a l u e  as a  r e a g e n t  f o r  cadmium. 
E x c e l l e n t  s e n s i t i v i t i e s  were  o b t a i n e d ,  and pH c o n t r o l  d i d  
n o t  a p p e a r  c r i t i c a l .  A number o f  m e t a l s  r e a c t  w i t h  t h e  
r e a g e n t ,  b u t  p r e l i m i n a r y  i n v e s t i g a t i o n s  i n d i c a t e d  t h e  
l i k e h o o d  t h a t  most  o f  t h e s e  c o u ld  be masked t h r o u g h  u s e  
o f  v a r i o u s  co m plex in g  a g e n t s .
Under t h e  h i g h l y  a l k a l i n e  c o n d i t i o n s  o f  t h e  t e s t ,  i t  
was e v i d e n t  t h a t  t a r t r a t e  would have  t o  be p r e s e n t  t o  
p r e v e n t  t h e  g e n e r a l  f o r m a t i o n  o f  h y d r o x i d e s .  In  a d d i t i o n ,  
t h e  r e a c t i o n s  o f  l e a d  and t h a l l i u m  w i t h  t h e  r e a g e n t  were  
a l s o  masked w i t h  t a r t r a t e .  The i n t e r f e r e n c e  due t o  s i l v e r  
was e l i m i n a t e d  w i t h  t h i o s u l f a t e ,  as w ere  r e a c t i o n s  o f  
c o p p e r  and g o l d .  F l u o r i d e  was u se d  t o  f u r t h e r  c o n d i t i o n  
t h e  t e s t  by m ask in g  t h e  r e a c t i o n s  o f  i r o n ,  u r a n iu m ,  
c a l c i u m ,  s t r o n t i u m  and b a r iu m .
The u s e  o f  a s o l u t i o n  o f  t h e  above  com plex ing  a g e n t s  
gave  a s e l e c t i v e  t e s t  w i t h  o n ly  c o b a l t ,  n i c k e l  and cadnium 
r e a c t i n g .  The t e s t  was made s p e c i f i c  f o r  cadmium by u t i ­
l i z i n g  a n i o n  ex change  r e s i n  beads  and c o n c e n t r a t i n g  t h e  
m e t a l  i o n  on t h e  r e s i n  as t h e  t e t r a i o d o  complex .
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B. EXPERIMENTAL
1. REAGENTS AND CHEMICALS
U n le ss  o t h e r w i s e  s p e c i f i e d ,  a l l  s o l u t i o n s  were  
made w i t h  AR g r a d e  c h e m ic a l s  and d i s t i l l e d  w a t e r .
a .  G ly o x a l  b i s ( 2 - h y d r o x y a n i l )  s o l u t i o n :  one
p e r c e n t  i n  e t h y l  a l c o h o l .
b .  P i p e r i d i n e :  Eastman O rg a n ic  ( p r a c t i c a l  g r a d e ) .
c .  Masking m i x t u r e :  a s o l u t i o n  c o n t a i n i n g  e q u a l
volumes o f  t h e  f o l l o w i n g  was p r e p a r e d :
( 1 ) .  sodium t h i o s u l f a t e ,  tw e n ty
p e r c e n t  aqueous
( 2 ) .  sodium t a r t r a t e ,  tw e n ty  p e r c e n t
aqueous
( 3 ) .  sodium f l u o r i d e ,  s a t u r a t e d
aqueous
d .  P o ta s s iu m  i o d i d e :  f i f t y  p e r c e n t  a q u e o u s .
e .  M e ta l  i o n  s o l u t i o n s :  s t o c k  s o l u t i o n s  c o n t a i n ­
in g  1 0  mg/ml w ere  p r e p a r e d  u s i n g  
a p p r o p r i a t e  s a l t s .
f .  Dowex 2-X8 a n io n  exchange  r e s i n  (5 0 -1 0 0  mesh
i n  C l“ fo r m ) .  A s u i t a b l e  q u a n t i t y  o f  
r e s i n  was p a ck ed  i n  a s m a l l  column and 
washed  w i t h  IN HC1 t o  remove t r a c e  
m e t a l  c o n t a m i n a n t s .  The p u r i f i e d  
r e s i n  was t h e n  washed w i t h  d i s t i l l e d  
w a t e r  and a i r  d r i e d .
2 .  PROCEDURE
The f o l l o w i n g  p r o c e d u r e  i s  p r o p o s e d :
A d ro p  o f  m e t a l  i o n  s o l u t i o n  i s  p l a c e d  i n  t h e  d e ­
p r e s s i o n  o f  a w h i t e  s p o t  p l a t e .  Two d ro p s  o f  t h e  m ask ing  
m i x t u r e  and two d r o p s  o f  t h e  p o t a s s i u m  i o d i d e  s o l u t i o n  a r e  
a d d e d .  About  20 i o n  exchange  beads  a r e  a d d e d ,  and t h e  
m i x t u r e  i s  s t i r r e d  and a l l o w e d  t o  e q u i l i b r a t e  f o r  a m in u te
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( t h e  e q u i l i b r a t i o n  t im e  can be v a r i e d  d e p e n d in g  upon the '  
amount o f  cadmium p r e s e n t ) .  The s u p e r n a t a n t  s o l u t i o n  i s  
t h e n  drawn from t h e  s p o t  p l a t e  d e p r e s s i o n  and d i s c a r d e d .  A 
m e d i c i n e  d r o p p e r ,  drawn t o  a f i n e  p o i n t ,  s e r v e s  n i c e l y  f o r  
t h i s  o p e r a t i o n  s i n c e  c a r e  must  be t a k e n  t h a t  t h e  beads  a r e  
n o t  a l s o  drawn o f f .  The beads  a r e  t h e n  washed t h r e e  t im e s  
w i t h  d i s t i l l e d  w a t e r ,  t h e  w ash in g s  b e i n g  drawn o f f  and d i s ­
c a r d e d  as  p r e v i o u s l y  d e s c r i b e d .  Two d ro p s  o f  d i s t i l l e d  
w a t e r ,  a  d ro p  o f  g l y o x a l  b i s ( 2 - h y d r o x y a n i l )  s o l u t i o n  and a 
d ro p  o f  p i p e r i d i n e  a r e  add ed .  A p o s i t i v e  cadmium t e s t  i s  
i n d i c a t e d  by a b l u e  c o l o r  fo rm in g  on t h e  r e s i n  b e a d s .  The 
t im e  o f  c o l o r  f o r m a t i o n  and t h e  i n t e n s i t y  o f  t h e  s t a i n  a r e  
d e p e n d e n t  upon  t h e  amount o f  cadmium p r e s e n t .  I t  i s  a l s o  
t o  be n o t e d  t h a t  t h e  c o l o r  i s  n o t  s t a b l e  on t h e  r e s i n .  
F a d in g  t a k e s  p l a c e  g e n e r a l l y  w i t h i n  a p e r i o d  o f  s e v e r a l  
m i n u t e s .
T a b le  V g i v e s  a l i s t  o f  a l l  t h e  i o n s  s t u d i e d  i n  
t h e  c o u r s e  o f  t h i s  work .  Of a l l  t h e  i o n s  l i s t e d ,  o n l y  t h e  
cadmium i o n  gave  a p o s i t i v e  t e s t .
3 .  NOTES
Those m e t a l  i o n  s o l u t i o n s  w h ic h  had t o  be p r e p a r e d  
i n  h i g h l y  a c i d i c  m ed ia  t o  p r e v e n t  h y d r o y s i s  were  n e u t r a l ­
i z e d  w i t h  6  M Na2 C0 3  b e f o r e  p r o c e d i n g  w i t h  t h e  s p o t  t e s t .
V a r io u s  b a s e s  were  i n v e s t i g a t e d  as  t o  t h e i r  
u s e f u l n e s s  f o r  a d j u s t i n g  t h e  pH o f  t h e  r e a c t i o n  m i x t u r e ,
e . g . ,  ammonium h y d r o x i d e ,  sod ium  h y d r o x i d e ,  p y r i d i n e ,
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m o r p h o l i n e ,  d i e t h y l a m i n e  and p i p e r i d i n e .  P i p e r i d i n e  was 
c h o se n  b e c a u s e  o f  i t s  enhancem ent  o f  t h e  s e n s i t i v i t y  o f  
t h e  r e a c t i o n .  An a t t e m p t  was made t o  combine t h e  g l y o x a l -  
b i s ( 2 - h y d r o x y a n i l )  and t h e  p i p e r i d i n e  i n t o  a s i n g l e  
s o l u t i o n ,  b u t  t h e  m i x t u r e  was found  t o  be u n s t a b l e .
P r e l i m i n a r y  t e s t s  i n d i c a t e d  t h a t  t a r t r a t e  would 
have  t o  be added t o  p r e v e n t  h y d r o x id e  f o r m a t i o n  u n d e r  t h e  
a l k a l i n e  c o n d i t i o n s  o f  t h e  r e a c t i o n .  A d d i t i o n a l  o b s e r ­
v a t i o n s  i n d i c a t e d  t h a t  o t h e r  m ask ing  a g e n t s  would be 
n e ed e d  t o  f u r t h e r  c o n d i t i o n  t h e  t e s t .  For ex am p le ,  t h e  
f o r m a t i o n  o f  s i l v e r  o x i d e  and i n t e r f e r e n c e  from C u ( I I )  and 
A u ( I I I )  a r e  masked w i t h  t h i o s u l f a t e ,  w h i l e  r e a c t i o n s  o f  
F e ( I I I ) ,  U (V I) ,  C a ( I I ) , S r ( I I ) ,  and B a ( I I )  a r e  e l i m i n a t e d  
w i t h  f l u o r i d e .
The b a s i s  f o r  t h e  u s e  o f  t h e  a n io n  exchange  r e s i n  
i s  t h e  f o r m a t i o n  o f  t h e  cadmium io d o  complex w i t h  i t s  
s u b s e q u e n t  a d s o r p t i o n  on t h e  r e s i n .  T h is  p r o v i d e s  an 
e x c e l l e n t  method o f  s e p a r a t i o n  from c o b a l t  and n i c k e l  w h ich  
a l s o  r e a c t  w i t h  t h e  r e a g e n t  t o  g i v e  a r e d - b r o w n  and b l u e  
c o l o r ,  r e s p e c t i v e l y .
4 .  INTERFERENCE STUDIES
To d e t e r m i n e  t h e  e x t e n t  o f  p o s s i b l e  i n t e r f e r e n c e s  
from t h e  v a r i o u s  i o n s  l i s t e d  i n  T a b le  V upon t h e  d e t e c t i o n  
o f  cadmium, t h e  p r o c e d u r e  g i v e n  above was m o d i f i e d  as 
f o l l o w s :  A d ro p  o f  t h e  m e t a l  i o n  s o l u t i o n  (10 mg/ml)  whose 
i n t e r f e r e n c e  was t o  be s t u d i e d  was p l a c e d  i n  t h e
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d e p r e s s i o n  o f  a  w h i t e  s p o t  p l a t e  t o g e t h e r  w i t h  a d r o p  o f  
cadmium s o l u t i o n  (1 m g /m l) .  The r e m a in d e r  o f  t h e  p r o ­
c e d u r e  was t h e  same as t h a t  o r i g i n a l l y  g i v e n .
A c o n t r o l  t e s t  was r u n  i n  p a r a l l e l  w i t h  t h e  
i n t e r f e r e n c e  s t u d i e s .  The c o n t r o l  was i d e n t i c a l  t o  t h e  
i n t e r f e r e n c e  t e s t ,  e x c e p t  t h a t  a d ro p  o f  d i s t i l l e d  w a t e r  
was u s e d  i n s t e a d  o f  t h e  cadmium s o l u t i o n .
T h e re  w ere  no i n t e r f e r e n c e s ,  e i t h e r  p o s i t i v e  o r  
n e g a t i v e ,  f rom any o f  t h e  i o n s  t e s t e d ,  n o r  d i d  c o l o r e d  
i o n s  i n t e r f e r e .
The s e n s i t i v i t y  o f  t h e  cadmium t e s t  i s  g i v e n  by: 
L im i t  o f  i d e n t i f i c a t i o n  o f  C d ( I I ) :  0 . 0 5  j jg  
D i l u t i o n  l i m i t :  1 : 1 , 0 0 0 ,0 0 0
TABLE V
IONS STUDIED FOR POSSIBLE INTERFERING EFFECTS
Li ( I ) N a ( I )
Ag( I ) C a ( I I )
C a ( I I ) Z n ( I I )
Hg( I ) H g ( I I )
Ce(IV) T l (  I )
Ge(IV) Z r ( IV )
Th(IV) V ( I I )
Bi(  I I I )  —• C r ( I I I )
C o ( I I ) N i ( I I )
R h ( I I I ) P t ( I V )
S i 0 3 " 2 no2~
S“ 2 S2 ° 3 “ 2
Se 0 3 ' 2 Se0 4 “ 2
W0 4 - 2 F”
Mn04“ Br~
CN" Fe(CN ) 6
a c e t a t e o x a l a t e
t a r t r a t e c i t r a t e
K( I ) C u ( I I )
A u ( I I I ) B e ( I I )
S r ( I I ) C d ( I I )
A l ( I I I ) G a ( I I I )
I n ( I I I ) Y ( I I I )
S n ( I I ) Sn(IV)
V(V) As( V)
U(VI) M n ( I I )
R u ( I I I ) P d ( I I )








Mo04 “ 2 Te0 3 “ 2
C l” cio3”
Br03” I ”
Fe(CN ) 6 ” 4 SCN"
m a l o n a t e EDTA
Rb( I )
M g (I I )
B a ( I I )
C e ( I I I )
T i ( I V )
P b ( I I )
S b ( I I I )
F e ( I I I )
I r ( I V )
C03 " 2
p 2 o 7 - 4
Cr0 4 ’ 2
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